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THE VITAL STORY OF 


INSIDE 
SCIENCE 


Breakfast Cereals 


with essential vitamins and minerals restored 


by Science Writer 


AMERICA LIKES BREAKFAST FOODS 


Let no one doubt the popularity of breakfast cereals among Amer- 
icans. The chart below traces the consumption of these fine foods 
between 1950 and 1955. During that period annual consumption 
rose by 76,000 tons. In just one year, 1955, Americans ate 242 Ibs. 
of hot and 4.8 Ibs. of cold cereals per person! 


Why are breakfast cereals so well- 
liked? They are tasty; they are easily 
served; they appeal to busy homemak- 
ers, as well as institutional dietitians, 
because they are readily available in 
a variety of flavors at a modest cost. 
They add interest and value to an im- 
eo eeee portant but sometimes neglected meal 
5) 1952 1959 


5 | —breakfast. Their use is extending to 
between-meal and party snacks, too. 


Many grains are processed to make breakfast cereals: wheat, corn, 
oats, rice. Eaten with fruit and milk or light cream, they contribute 
an excellent combination of basic, flavorful, nutritious foods to 
the diet. 


Better Foods for Better Health 
Through Restoration 


The science of nutrition 

has advanced rapidly. In 

the manufacturing proc- 

ess of some cereals, 

some of the essential “B” 

vitamins and minerals 

are subject to some loss, 

just as with other foods. 

These losses are inescapable when such grains are prepared for 
human use. When this became known, manufacturers acted to 
overcome the losses. They adopted restoration. 


Restoration simply means that certain important vitamins and 
minerals are restored to the cereal food during processing, so that 
the vitamin and mineral values in the finished product are gen- 
erally equal to the whole grain values of those elements. Wheat, 
corn and rice products are customarily so treated. Vitamins B, 
(thiamine), B, (riboflavin), niacin (another “B” vitamin), and the 
mineral, iron, are those most widely restored. Vitamins C and D 
are also sometimes added. 


Pre-sweetened cold cereals emphasize the nutritional importance 
of added vitamins. Increased calories require more “B” vitamins 
for best utilization of the food. 


Why the Vitamins are Important 
Physicians and diet experts have proved that vitamins are essen- 


tial to prevent certain deficiency diseases and to contribute to 
robust good health. 


- 

- 


Vitamin B, (thiamine) helps build and maintain physical and 
mental health. It is essential for normal appetite, intestinal activity, 
and sound nerves. A lack of this vitamin leads to beriberi, a rarity 
in the U. S. A., but still a very serious health problem in other parts 
of the world. 

Vitamin B, (riboflavin) is essential for growth. It helps to keep 
body tissues healthy and to maintain proper function of the eyes. 


Niacin is needed for healthy body tissues. Its use in the American 
diet has been largely responsible for the virtual disappearance of 
pellagra. a serious disease. 


develop nor- 


D helps child 
mal teeth and bones. It prevents the de- 
velopment of certain abnormal bone 
conditions in adults. 


Iron is essential for making good red 
blood and for the prevention of nutri- 
tional anemia. 


Where Do the Vitamins Come From? 


At about the same time that processing losses in breakfast cereals 
became known, other developments in the scientific world made 
available ample supplies of vitamins at economical prices. Thus, 
the nutritional contribution of some breakfast cereals could be, 
and was, greatly improved through restoration. 


Since the early days of breakfast food restoration and of white 
flour and white bread enrichment, the world-famous firm of 
Hoffmann-La Roche has supplied top quality vitamins by the tons. 
Pioneering work in its laboratories and by its collaborators resulted 
in the “duplication” of some of nature’s extremely complex sub- 
stances. First, the chemical composition of the vitamin was learned. 
Second, the pure substance was isolated. Third, the “duplicate” 
was made by synthesis. And fourth, the laboratory techniques 
were extended to large scale commercial operations. 


The manufactured “duplicate” is identical ponte ant 8 in bio- 
logical activity with nature’s own prod- ‘ 

uct. A vitamin is still a vitamin regardless 

of whether nature or man made it. So ef- 

ficient is large-scale manufacturing, that 

vitamins are sold at a lower cost than if 

they were extracted from natural sources. 


This article is one of a series devoted to the story of vitamin en- 
riched or restored cereal products: white flour, white bread and 
rolls, corn meal and grits, macaroni products, white rice, breakfast 
cereals, farina. Reprints of this article, of any other in the series, 
or of all are available without charge. Please send your request to 
the Vitamin Division, Hoffmann-La Roche Inc., Nutley 10, New 
Jersey. In Canada, Hoffmann-La Roche Ltd., 286 St. Paul Street, 
West; Montreal, Quebec. 


EFFECT OF SALINE AND EGG SHELL MEMBRANE 
ON BACTERIAL GROWTH 


L. E. ELLIOTT anp A. W. BRANT 


Animal and Poultry Husbandry Research Branch 
Agricultural Research Service 
United States Department of Agriculture 
Beltsville, Maryland 


(Manuscript received June 27, 1956) 


Bacterial penetration of the hen’s egg is thought to be influenced by 
such natural barriers as the shell mucin, shell, and shell membranes. 
Numerous studies of egg infection indicate a general agreement among 
workers that the shell and mucin coating play a simple mechanical role 
in protecting the egg against microbial invasion (4, 5,10, 13,19). With a 
few exceptions, infection studies heretofore have failed to reveal any 
direct evidence that membrane penetration is accomplished by other than 
physical means, i.e., through the pores. On the other hand, Stokes and 
Osborne (15) suggested the possibility that enzyme activity is involved 
in membrane penetration. It has been frequently indicated that the shell 
membrane is one of the egg’s defensive mechanisms against bacterial inva- 
sion (4, 10,11, 12,13,19). Stuart and MeNalley (16) demonstrated that, 
when eggs were coated with a culture of Pseudomonas aeruginosa and 
examined three hours later, a greater number had infected membranes 
and albumen than eggs similarly treated and stored for 192 hours at 23° 
to 28° C. They explained their observation by showing that in a saline 
suspension of ground albumen-free membrane 80% of the inoculated cells 
were killed within four hours. Gillespie and Seott (5), however, pointed 
out that this did not prove the existence of limited bactericidal properties 
in the membrane because no saline controls were used and the possibility 
of bacteria adhering to membrane particles was not eliminated. These 
workers also pointed out various indications that the outer membrane was 
not as easily penetrated as was once believed. Zagaevsky and Lutikova 
(19) observed that Pseudomonas aeruginosa and Sarcina lutea failed to 
penetrate into the white of eggs until the 15th to 20th day after infection. 
Romanoff (13) suggested that this failure was due to membrane resistance. 
However, more recent work in this laboratory has indicated that pene- 
tration can occur almost immediately under experimental conditions. 
Stokes and Osborne (15) have shown that under proper conditions of 
temperature and humidity non-motile and motile species of Salmonella 
are equally capable of effecting entry into the albumen. Miller and Craw- 
ford (12) observed that the shell membrane in vitro, when washed free 
of albumen, delayed multiplication of certain egg-spoilage bacteria. Stokes 
and Osborne (14) inoculated saline suspensions of ground washed mem- 
brane with Salmonella and Pseudomonas organisms and observed reduc- 
tion in numbers of bacteria within one and five hours, followed by rapid 
increases after 22 hours incubation. The reduction rate was much more 
rapid in saline alone than Stuart and MeNalley (16) reported, which 
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suggests substantial strain and species differences in sensitivity to diluent 
and possibly to membrane. Stokes and Osborne (14) attributed the ap- 
parent bactericidal effects of such suspensions to the toxie action of the 
saline, and the extensive growth after incubation to nutrients supplied 


by the membrane. 

The influence of physiological saline on the viability of bacteria has 
long been a source of argument. If results reported by Stokes and Osborne 
(14) indicate ‘‘toxicity’’ of normal saline against a species of Pseudo- 
monas, the desirability of this diluent is questionable as a suspending 
medium for bacterial plate-counting techniques. The literature reveals 
the highly controversial nature of this problem, although results dis- 
proving any seriously adverse effects of saline on viability of bacterial 
populations are in the majority (1, 2,3,6,7,8,9,17,18). It appeared 
desirable, therefore, to determine whether Ringer’s Salt Solution, used 
routinely in this laboratory as a diluent, had any adverse effects on various 
Pseudomonas species. It seemed desirable also to test for bacteriostatic 
properties in the egg-shell membrane using a suspending medium in which 
relatively constant numbers of bacteria could be maintained over the test 
period. Such a medium was found, and egg-shell membrane was tested 
against two organisms differing widely in their susceptibility to inhibitory 
substances in the egg. Data are also presented on the effect of salt con- 
centration on the growth of a Pseudomonas species. 


MATERIALS AND METHODS 


Determination of a satisfactory diluent. The diluents tested were: 
Saline, 0.85%, buffered and unbuffered, 
Distilled water, buffered and unbuffered, 
Tap water, buffered and unbuffered, 
Ringer’s Salt Solution, buffered and unbuffered, 
Sorensen phosphate buffer, M/15, pH 7.3. 


Where indicated, diluents were buffered to pH 7.3 with M/15 NasHPO,. The test 
organism consisted of a strain of Pseudomonas, resembled Pseudomonas fluorescens in 
biochemical characteristics, and was capable of producing typical ‘‘ green-rot’’ spoilage 
of eggs. This strain had been freshly isolated from poultry-house litter. Cells from 
a 24-hour slant growth in Trypticase Soy Agar (BBL) were washed and centrifuged 
3 times and resuspended in a small amount of sterile saline. This suspension gave an 
approximate turbidity of 12.3 expressed as per cent transmittance on a Model 310 
Coleman Spectrophotometer and was comparable to that of the No. 10 tube of a MecFar- 
land Nephelometer. This represented a bacterial concentration of approximately 3 x 10° 
cells per ml. Test diluents were inoculated in duplicate with high and low numbers of 
organisms, representing final concentrations of approximately 6x 10° and 3x10‘ cells 
per ml. respectively. Aliquots of each inoculated sample were further diluted and 
1.0 ml. portions of the final dilutions were plated in triplicate immediately, at hourly 
intervals through 6 hours, and at 24 hours. Veal Infusion Agar (Difco) was employed 
as the plating medium. All plates were incubated at 27° to 30°C. for 72 hours prior 
to counting. Samples were held in a constant temperature water-bath at 30° C. between 
sampling periods. Aseptic methods were employed throughout. Bacterial numbers 
represent the average of each set of triplicate plates for each plating period and are 
expressed as per cent survivors. 

Determination of optimum molar concentration for growth. In the second phase of 
this work, studies were made on the influence of various molar concentrations of NaCl 
on the growth of the test organism in order to ascertain the limits within which growth 
could be maintained at a stationary level and to determine the relative position of 
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physiological saline therein. The methods employed were essentially those of Hotch- 
kiss (9). A 4.0M solution of Reagent Grade (A.C.S.) NaCl in 1.0% Bacto-Peptone, 
pH 7.3, was prepared, and, by two-fold serial dilution through 11 tubes, gradient con- 
centrations ranging from 0.0075 M to 4.0M were obtained. A control tube contained 
peptone solution only. One per cent peptone was employed as the basal medium since 
it supports growth satisfactorily; at this concentration the influence of the inorganic 
material in dried peptone—0.03 g. per 100 ml.—on growth of the test organism is 
negligible. Thirty-six tubes prepared in triplicate series of 12, with a final volume 
of 10.0 ml. per tube were each inoculated with 0.1 ml. of a 1:10 dilution (in sterile 
distilled water) of a 24-hour growth of the test organism in 1.0% Peptone, pH 7.3, 
and incubated 24 hours at 27° to 30°C. Determinations of pH on each tube of one 
series were made prior to and after incubation. Triplicate plate-counts were performed 
after incubation. The entire experiment was repeated three times, and the final results 
were expressed as averages. 

Determination of the effect of membrane on growth. The inoculum consisted of a 
24-hour Trypticase Soy Broth (BBL) culture of the test organism diluted with buffered 
saline (pH 7.3) to obtain a cell concentration of approximately 2x10* cells per ml. 
Turbidity, measured as per cent transmittance on a Model 310 Coleman Spectropho- 
tometer at a wave length of 650 mu, was employed as a criterion of cell concentration. 

Shell membranes were removed aseptically from 4 large (24 oz./doz.) White Leg- 
horn eggs, weighed (wet weight) in a closed sterile container, suspended in 100 ml. 
sterile buffered 0.85% NaCl solution (pH 7.3), and homogenized in a VirTis high 
speed micro-homogenizer at 40,000 r.p.m. until a coarse dispersion was effected in 
which membrane particle size was no longer macroscopically discrete. A second sample 
of pooled membranes was prepared in the same manner but was washed to remove 
residual albumen by vigorous agitation through several (10 to 12) changes of buffered 
saline (pH 7.3). The membranes were considered albumen-free when no apparent 
turbidity or foaming occurred in the final wash solution. The homogenates were 
allowed to stand in suspension, with occasional agitation, under refrigeration (4° to 
5° C.) for 3 days prior to use. It was considered that, by allowing the suspension to 
stand, maximum leaching of the membrane components by the suspending medium 
would occur. This observation was confirmed in a separate study in which the growth 
eurve of the test organism in such a suspension was compared to that in a membrane 
suspension which was inoculated and used immediately after homogenization. The 
growth curves in the latter and in a saline control suspension were identical in that, 
unlike the growth pattern of the organism in the membrane suspension that had been 
allowed to stand prior to inoculation, they indicated a progressive decrease in viable 
cell numbers over an 8-hour incubation period. The third preparation consisted of 
100 ml. of a buffered saline suspension of homogenized egg albumen (equivalent by 
weight to that of the membrane samples). The control was 100 ml. of 0.85%NaCl 
solution buffered to pH 7.3 with M/15 NasHPO,. The suspensions and control were 
each inoculated with 1.0 ml. of the bacterial suspension, and 1.0 ml. aliquots plated in 
triplicate in Veal Infusion Agar (Difco) immediately, at hourly intervals through 
6 hours, and at the end of a 24-hour period. All plates were incubated at 27° to 30° C. 
for 72 hours prior to counting. The test materials were incubated in a constant 
temperature water-bath at 30°C. between sampling periods. The conventional pour- 
plate method for enumerating bacteria was employed. 


RESULTS AND DISCUSSION 


The effect of various suspending media on survival of a green fluores- 
cent pigment-producing strain of Pseudomonas is presented in Figures 
1 and 2. Substantial decreases in numbers of organisms occurred in all 
solutions tested. In no case, however, were the precipitous drops observed 
as reported by Stokes and Osborne (14). This does not necessarily indicate 
a conflict in results since the organisms used were different and the levels 
of inoculum were not the same. Buffering the diluents to pH 7.3 appeared 
to reduce the rate of bacterial destruction as compared to the respective 
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unbuffered solutions. This observation appears to be consistent with that 
of Holm and Sherman (8) who point out that although the effect of salts 
on growth is analogous to its effect upon chemical reactions, coagulation, 
and permeability, these effects are modified by the H-ion concentration 
of the medium. The slight difference between the growth effect of buffered 
and that of unbuffered saline on the test organism is probably not sig- 
nificant statistically. From these results it was decided to use 0.85% NaCl 
solution, buffered to pH 7.3 with M/15 Na,HPO,, as the suspending 
medium for the egg-shell membrane studies. 

The buffered saline and buffered Ringer’s Salt Solution produced 
extremely high numbers of bacteria following the initial period of reduc- 
tion. No satisfactory explanation can be offered for this observation, al- 
though it is noteworthy that certain strains of Pseudomonas species are 
capable of multiplying and producing characteristic fluorescent pigment 
in an aqueous medium consisting of asparagine as the sole source of 
nitrogen and minute amounts of inorganic phosphate and sulfate ions. 
In the Reagent Grade NaCl used and in the distilled water there may 
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Figure 1. Survival curves of a “green-rot” producing species of Pseudomonas 
(PP-H) in various suspending media. 
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Figure 2. Survival curves of a “green-rot” producing species of Pseudomonas 
(PP-H) in various suspending media. 


exist subminimal levels of these inorganic ions. Admittedly, these levels 
may not be sufficient to support growth over any extended period of 
incubation, but it is not inconceivable that they could retard the death 
rate of these organisms over a reasonable period of time and thus check 
the sudden drop in the survival curve that might obtain when distilled 
water alone is used as a suspending medium. Moreover, cultural and mi- 
croscopical observations of the organisms present in the buffered saline 
diluent after 6 hours incubation differed morphologically and eytochemi- 
cally from the parent cells, and were able to grow in nutrient media con- 
taining much higher NaCl concentrations. These findings suggest that 
salt-resistant variants were produced which could multiply in buffered 
saline and buffered Ringer’s solution, presumably using parent cell debris 
as a source of nutrients. 

Figure 3 demonstrates the effect of various molar concentrations of 
NaCl upon growth of the test organism. In a nutrient medium this 
Pseudomonas species tolerates salt very well until a concentration of 0.5 M 
is reached. These findings agree generally with those of Hotchkiss (9) 
who studied the effect of certain cations upon bacterial growth. This 
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worker, employing EF. coli as the test organism, observed that several 
inorganic salts, including NaCl, which are of common occurrence in the 
protoplasmic environment of the bacterial cell are non-toxic. She also 
observed growth stimulation for E. coli at the 0.25M (NaCl) level. Our 
results show that upon subculture 2.0M NaCl in peptone solution sup- 
ported only slight growth for Pseudomonas, indicating that this concen- 
tration, representing approximately 11.6% NaCl, is relatively inhibitory. 
When an aliquot of this suspension was plated for counting, a few typical 
colonies appeared. In the suspensions containing 4.0M and 3.0M NaCl, 
representing 23.2% and 17.4%, respectively, no growth appeared after 
96 hours incubation, indieating that levels somewhere above 12.0% NaCl 
were distinctly bactericidal in effect. It is interesting to note in Figure 3 
that the salt concentration equivalent to physiological saline (0.15 M) 
supported growth equal to the control 1.0% peptone solution. Therefore, 
on the basis of this and previously reported evidence, it would appear 
difficult to embrace the theory that physiological saline is, in the strict 
sense of the word, toxic to bacteria as a whole. Certainly there is no 
justification for avoiding its use as a diluent for the Pseudomonas species 
because of possible toxic effects. 

The suspension of washed membrane in buffered saline failed to reveal 
any significant or unusual antibacterial activity. It apparently showed 
growth promoting activity after 2 hours incubation at 27° to 30° C. (Fig- 
ure 4). Suspensions of unwashed membrane also showed no inhibitory 
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Figure 3. The effect of molar concentration of NaCl in aqueous solution on growth 
of a “green-rot” producing species of Pseudomonas (PP-H). 
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Figure 4. The effect of shell membrane on growth of a “green-rot” producing spe- 
cies of Pseudomonas (PP-H). 


action, and after 2 hours incubation growth rates were similar to those 
in the washed membrane suspension. Albumen in suspension likewise 
failed to exert any inhibitory activity. The apparent nutritive properties 
of the shell-membrane are in essential agreement with the findings of 
Stokes and Osborne (14). 

To test the assumption that the membrane might contain antibacterial 
factors similar to those found in albumen, experiments were performed 
employing a susceptible organism, M. lysodeikticus. The results indicated 
that lytic effects of unwashed membrane and albumen were immediate 
and drastic at the time of inoculation and relatively imperceptible there- 
after through 6 hours (Figure 5). Washed membrane exerted a killing 
effect throughout the initial hour of incubation at 37° C., although no 
drastic reduction in numbers was observed at the time of inoculation. 
Whether the slope of the washed membrane curve during the first hour 
was due to the effect of the membrane alone or to any small amount of 
adhering albumen despite repeated washing was not determined. Variation 
in the concentration of the inoculum failed to alter significantly the types 
of curves obtained. An increase in the concentration of washed membrane 
in the suspension was followed by a corresponding increase in growth. 
Furthermore, when antibiotic assay discs were impregnated with an un- 
inoculated washed membrane suspension which had been allowed to stand 
for 3 days, allowed to dry, placed on the surface of an agar plate seeded 
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with the Pseudomonas test organism, and incubated at 30° C. overnight, 
a zone of intense growth was observed around each dise. Ne such growth 
appeared around control dises which had been saturated with buffered 
saline only. On the other hand, discs saturated with freshly prepared 
suspension of membrane, i.e., a suspension which had been allowed to 
stand prior to use, failed to exhibit excess growth at the periphery. In 
this respect, it should be noted that the chemical components of the shell- 
membrane are at best weakly water-soluble, and that water-solubilization 
of the organic constituents can best be effected by allowing the membrane 
to stand in the diluent with frequent agitation over a relatively long 
period of time. This is of fundamental importance in the demonstration 
of growth-promoting and growth-inhibiting properties of a substance by 
agar-diffusion techniques. 

Stokes and Osborne (14) observed a limited ‘‘killing’’ effect of mem- 
brane-saline suspensions on Ps. fluorescens over a 5-hour period, during 
which approximately 82% of the inoculum was destroyed or inactivated. 
However, in their saline control approximately 98% of the inoculum was 
destroyed within the first hour of incubation. On the basis of our results, 
there is a strong possibility that, had their suspending medium and con- 
trol been initially adjusted to optimum pH conditions, the drastic reduc- 
tion in cell numbers within the first 2 hours of incubation might have 
been avoided. In such a case, the true growth-supporting properties of 
the membrane might have been exhibited at a much earlier period during 
incubation. However, with respect to the effect of membrane on the test 
organisms employed, no basic disagreement is apparent between our re- 
sults and those of the above workers. Strain differences in test organisms 
in susceptibility to NaCl may have accounted for dissimilarities. Our 
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Figure 5. The effect of shell membrane suspension on growth of a lysozyme-sensitive 
organism (M. lysodeikticus). 
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observations tend to confirm the findings of Stokes and Osborne (14) that 
albumen-free shell-membrane unquestionably possesses nutritive properties 
for the organism most commonly implicated in the ‘‘green-rot’’ spoilage 
of eggs. In fact, the results of the membrane studies of both investigations 
might have been difficult to explain had they indicated otherwise, since 
an abundance of organic and inorganic material conducive to, if not 
essential for, growth of the Pseudomonas species of egg-spoilage organisms 
is known to be incorporated in the membrane. 


SUMMARY 


Of nine diluents tested, saline buffered with M/15 Na,HPO, to pH 7.3 
maintained a bacterial population of Pseudomonas organisms at a more 
nearly constant level than was observed with other suspending media. 

Growth of a green-fluorescent pigment producing strain of Pseudo- 
monas was maintained in NaCl solutions of concentrations ranging from 
0.0075 M to 0.5 M. 

The growth promoting effect of a buffered saline (pH 7.3) suspension 
of albumen-free shell membrane was demonstrated. Growth rate in sus- 
pensions of washed membrane, unwashed membrane, albumen, and buf- 
fered saline were followed by hourly plate counts over a 6-hour period. 
Agar-diffusion methods were used to demonstrate intense growth around 
dises saturated with membrane suspension. 

The influence of antibacterial factors found in albumen on any pos- 


sible inhibitory activity of membrane was determined. A lysozyme-sus- 
ceptible organism, M. lysodeikticus, was employed. 
Varying cell concentration of the inoculum failed to affect the results. 
The true ability of the membrane to promote growth of spoilage 
organisms can be masked by the use of inadequate suspending media. 
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The problem of intercomparing five or six different varieties of a prod- 
uct as regards some organoleptic characteristic often arises in research lab- 
oratories. The products may differ slightly in composition, in source of 
ingredients, in method of processing; and the quality to be compared may 
be impossible to evaluate by objective means, such as acceptability of 
flavor. At such times the research officers resort to the laboratory analytic 
panel for detection of differences. Such panels function as a piece of equip- 
ment for measuring the quality concerned as accurately as possible and 
have nothing to do with preferences which are the job of consumer-panels 
(6). Furthermore, it must be understood that their findings must not be 
unduly generalized. 

Once this is clear, the fundamental statistical procedures are applicable. 
These consist of selecting an expert panel, a suitable scoring scale, a design 
which controls all foreseeable sources of error, and the appropriate method 
of analysis. The statistical requirements for independent judgments, tasting 
the products in a given order, and other requirements of the design must be 
met during the operating routine of the panel, as well as the mechanical 
details for optimum operation (2, 8). 

The selection of an expert panel is usually made by use of multiple 
choice tests with the product involved [see p. 12, Dawson and Harris (2)]}. 
A panel of three to six is usually sufficient for the purpose described. The 
scoring scale is also developed by preliminary work with the product. The 
experimental design has to take into account variation from sitting to 
sitting (non-reproducibility), variation for the panel during sittings 
(fatigue), and as many other controllable sources of variation as possible. 
Variation among judges need not be controlled, as the quantity analyzed 
in such cases is the total score, summed over the judges in the panel; the 
panel as a whole is the measuring instrument, there is no particular interest 
in the scores of individual judges. 

When the results are obtained they are analyzed according to the 
appropriate method and the underlying hypothesis that “there are no sig- 
nificant differences amongst the products” is either accepted or rejected. 


THE EXPERIMENTAL DESIGN 


Judges are restricted to tasting no more than 7 samples at a sitting [this figure 
varies, see p. 33, Dawson and Harris (2)]. When the number of varieties to be com- 
pared is greater than seven, incomplete block designs become necessary. One is very 
frequently interested in the intercomparison of 5 or 6 products. In such cases the 
conventional latin square design is particularly useful. The columns of the latin square 
may be the sittings (thus controlling non-reproducibility), the rows the positions in 
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order of tasting (thus controlling fatigue), and the “treatments” are the varieties of 
the product to be intereompared. Many previous experiments (2) report on similar 
designs. What is a suitable design in other fields of application can, however, be im- 
proved on in the field of taste-testing. One such attempt to improve is by Calvin (1). 
Others depart from conventional methods and try non-parametric methods [see eg., 
Durbin (3)]. However, when samples are judged for flavor serially, it is the author’s 
belief that the conventional latin square design can be slightly modified to control the 
errors introduced by the after-taste of (or involuntary comparison with) the sample 
tasted immediately prior to the one being judged. This modification, or additional 
requirement, merely means that in selecting a design for a particular experiment not 
all latin squares will be eligible, but only those latin squares which are “balanced for 
first-order residual effects”; e.g., whereas the latin square 


is such that the treatment B always follows A, C follows B, D follows C, and A fol- 
lows D—i.e., it is not balanced for first-order residual effects; the latin square 


is such that treatment A follows B, C, D, once each, B follows C, D, A, once each, C 
follows D, A, B, once each, and D follows A, B, C, once each. Hence, in the former 
design the after-taste of each variety is confounded with the taste of the subsequent 
one, but not so in the second. When the number of varieties to be compared is odd, 
two latin squares are required for balance [see Williams (13) for discussion of condi- 
tions of balance, construction, and list of available designs]. Whether the introduction 
of this additional feature is worth the extra arithmetical and mechanical labor in the 
analysis and operation of the panel respectively (as against the conventional latin 
square) depends on the amount of reduction in the error mean square by use of this 
design. A study of the analysis of variance tables in the numerical illustrations below 


will make this clear. 


METHOD OF COLLECTION OF DATA 


Given the number of varieties, n, to be compared, select an initial column (if n 
is even) or a pair of initial columns (if n is odd) at random from the set of columns 
available and listed in Williams (13). Assign treatment-symbols to the treatments at 
random. Assign columns to the dates on which sittings are to be held at random, after 
developing the full design from the initial column or columns. Obtain panel-totals at 
each sitting for each variety, using the scoring-scale decided on, and all necessary 
precaution in panel-operation during judging. It may, despite all precautions, be neces- 
sary to transform scores and work with these transformed data from there on. [See 
eg., Federer (4) for a summary on the subject of transformations.] The entries are 
thus score-totals for a given variety at a given sitting (summed over judges). The 
tables and analyses in the examples show what follows next. 


UNDERLYING STATISTICAL MODEL 


In the relation 
Nijkh = B+ pi + +O + AD 


All symbols have the same meaning as in the classical latin square, with , the added 
feature; 

i.e. nijkn = total score for the panel (summed over the judges) for the ith position in 

order of presentation at sitting j, when a sample of variety k is in that 

position at that ‘sitting and a sample of variety h was in the (i—1)th 


ABCD 

BCDA 

CDAB 

DABC 

ABCD 

BCDA 

DABC 

CDAB 
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position, with i, j, k, h=1, 2,..., n, except that a given variety occurs 
once in each row, once in each column and following each other variety 
once only; 

“ general mean effect; average over all samples, positions in order of tasting, 

and sittings; 

effect due to the ith position in order of tasting; 

effect due to the jth sitting; 

Ox effect characteristic of the kth variety; 

An after-effect characteristic of the hth variety; 

€jkh = error in the observation of yijxn. 


pi 


For the purposes discussed pi, yj, Ox, An, can all be regarded as fixed effects [this strictly 
limits conclusions to material included in the experiment; no generalization is possible to 
other panels, other varieties, etc., — but as long as this is remembered, the analysis below 
is strictly applicable; to see some of the pitfalls otherwise, consult Kempthorne (9), Ch. 29 
and earlier]. Further comments on the applicability of this model are given in the Summary 
(VII) below. 


THE METHOD OF ANALYSIS 
1. Notation. [as in Williams (13)] 


n = number of varieties; number of rows [positions in order of tasting]; number 
of columns [sittings] 
Six = total of entries for kth column of those in which variety i occurs last 
= total of entries for which variety i is last 
= total of entries for variety i 
= total of entries for samples immediately preceded by samples of variety i 
= total of entries for position j in order of tasting 
= grand total of all entries 
= average effect for all columns with variety i last 
= average direct effect of variety i (estimate of @ in model) 
= average residual effect of variety i (estimate of \,, in model) 
= average residual effect of variety i with direct effects ignored 
= average direct effect of variety i with residual effects ignored 
= average effect of position j in order of tasting i, j, k, h as in IV above 
= n*t;/=nT\—G [associated divisor for sum of squares: n*] 
= n(n? —n — 1)r;' + nFi + nP; — (n+1)G 
[associated divisor for sum of squares: 
n*(n? — n — 1) 
= n(n? —n — = + + nT; + nP; — (n + 2)G 
= A; + B; [associated divisor for sum of squares: 
—n — 2)] 


= n(n?—n—2)t; = = 


[associated divisor for sum of squares: n(n?—n—1)(n?—n—2)] 
G 
y 


n? 


2. Analysis of Variance. 


Interest lies in the two F-tests: 


(SS)p 
(i) (n — 3) 


cance level a with (n—1) and (n—3)(n—1) degrees of freedom. This test indicates 
whether the varieties are significantly different or not. 


compared with the significant value of F (at the prescribed signifi- 


( 
(ii) (n — 3) = compared with the same F as in (i) indicates whether the varieties 
E 


have significantly different after-effects. It also shows whether the incorporation 
of the feature additional to the conventional latin square was worthwhile. 
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TABLE 1 


Degrees of 
Source of Variation Freedom Sum of Squares 
=F? 
Among sittings n-1 (SS)s 


=P? 
— —— = (8S)p 
n 


Among positions in n-1l1 
order of tasting n 


2[n(n? — n — 2)t)? 


Direct effects n-1 (Ss) 
(adjusted for 

12 
Residual effects n-1 (SS) x’ 


(unadjusted) n(n? — n — 1) 


2 
Direct effects n-1 = (SS)p’ 


(unadjusted) n 


Residual effects n-1 >[(n? — n — 2)ri}? 
(adjusted for : = (SS)r 
direct effects) n(n? — n — 2) 


(SS)r — (SS)p — (SS)p’ — (SS)r = (SS)z 
1) — (SS)r — (SS) — (SS)n’ = (SS)z 


Total n?—1 (yin — y)? = (SS)r 


ijkh 


NUMERICAL ILLUSTRATION 


1. The Data. 
A panel of five judges scored for flavor-acceptability the several 


varieties of canned peas on a 0-10 scale previously tested. The 
entries for the experiment consisted of total scores over 5 judges. 
Scores were not transformed. There were 5 varieties. Two latin 
squares were necessary, the pair being balanced for first-order 
residual effects. (When the number of varieties to be compared is 
even, balance over one latin square is possible. For this reason, one 
often adds an extra variety to the experiment when the original 
number of varieties is odd to save having to run two latin squares. 
This extra variety may actually be a “dummy,” e.g., a repetition 
of one of the original ones.) Ten sittings were held, occupying 5 
afternoons on each of 2 successive weeks, commencing at 3:00 p.m. 
One of the degrees of freedom (among sittings) can be regarded as 
that due to difference between latin squares (or between weeks). 
2. The Designs and Analyses. 
3. The Conclusions and Discussion. 
(i) The varieties differed significantly. 

(ii) Though the residual effect was not significant, the incor- 
poration of control on residual effects reduced the error 
mean square appreciably. The modified design can be seen 
to have justified itself. 
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(iii) Fatigue effects were significant (within sittings); i.e., the 
tendency was for the variety tasted first on any afternoon 
to score higher than the second, it in turn higher than the 
third, etc. The relation was not far from linear. 


(iv) There was evidence of fatigue from sitting to sitting, i.e., 
the first day’s scores were higher than on the second day, 
etc. Scores were higher in the first week than in the 
second week. 


It has to be noted that sittings are confounded with residual 
effects, but the statements in (iv) were made after correcting for this. 


TABLE 2 
Design of the experiment 


Ist week 2nd week 


Sitting No. : 
and Date: 6/12 | 6/13 | 6/14 | 6/15 | 6/18 6/20 | 6/21 
2 3 4 5 1 3 4 


Position in Order 
of Tasting 


TABLE 3 
Results of the experiment 


(a) First Week 


Sitting 3 


Position in Order 
of Tasting 
41. 38.0 
42. 45.8 
45. : 37.3 
35. ‘ 41.4 
42. 35.§ 37.8 


Total 6 205.9 95. 200.3 


(b) Second Week 


Sitting 


Position in Order 
of Tasting 
46.4 
40.2 
36.0 
37.8 
40.8 
201.2 


6/22 

1 3 0 2 4 1 3 0 2 4 1 

2 0 2 4 1 3 4 1 3 0 2 

3 4 1 3 0 2 1 3 0 2 4 

4 2 4 1 3 0 2 4 1 3 0 

5 1 3 0 2 4 0 2 4 1 3 

215.0 

203 . 2 

204.3 

200.6 

| 195.6 

1018.7 

43.5 39.0 40.5 36.4 | 205.8 

37.5 44.4 41.9 37.8 201.8 

44.3 40.6 36.1 38.4 195.4 

38.1 33.6 42.3 39.0 190.8 

35.5 37.8 38.7 40.0 192.8 

198.9 195.4 199.5 191.6 | 986.6 . 
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TABLE 4 
Computations for the experiment 


Aj Bi Di 


In Terms of 190r;’ i 190t; 
Estimates 


In Terms of 25Ri+5F\+5P:—6G (18Ai+C)) 
Totals 


i=0 —144.8 ‘ 376.5 
2 118.7 : —380.2 
3 —169.3 ; 761.1 
4 ‘ —181.8 — 41.3 


Total 
Add 


Tetal 0.0 0.0 


Divisor for Sum 250 4750 
of Squares 


Sum of Squares 439. 36 50.33 


TABLE 5 
Analysis of variance for the experiment 


Sum of Squares 
So f Variati Mean Squares 
jurce of Variation Direct Effects Residual Effects (Adjusted) 

Adjusted* Adjusted* 


Sittings 59.18 
Between groups 17.74 
Within groups 41.44 


Between weeks 20.61 
Within weeks 20.83 


Positions in Order of Tasting 
Direct Effects 

Residual Effects 

Error 


Total 
* Only underlined figures were adjusted. 


TABLE 6 
Table of means for the experiment 


Adjusted Mean Direct Effect Residual Effect 
(adjusted) (adjusted) 


+1.98 21 
—3.77 

—2.00 
+4.01 
— .22 


Standard Error of Difference: .65 
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1584.5 
420.8 
0.0 0.0 
14.50) 403.53 
4.44 
8.29 
20.61 
| 5.21 
4 66.07 
4 403.53 | 439.36 100.88 
4 50.33 14.50 3.63 
28 54.78 1.96 
633.89 
= 
0 42.09 
1 36.34 
2 38.11 
3 44.12 | 
4 39.89 
74 
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SUMMARY 


The author has had experience with the above type of design for 
n = 4, 5, and 6, particularly with n = 6. The quality judged was mostly 
flavor-acceptability and mouthfeel, the material canned peas, peaches, 
apricots, apple-sauce, and corn. In a large proportion of some 84 analyses, 
the mean square for residual effects has been barely or nearly significant at 
the a = .05 level, and in only two instances was the mean square for resid- 
ual effects less than the error mean square. 

In judging color, uniformity, and other characteristics, which can be 
done by simultaneous inspection of a number of samples it has been found 
that the above model cannot compete with that proposed by Calvin (1), 
but does better on the flavor and mouthfeel scores than the latter. The sug- 
gested explanation for this is as follows: when a characteristic is being 
judged by simultaneous inspection, all the samples set out at that time 
influence the score given to any one, but when samples are savored serially, 
the operating mechanism is one of subconscious comparison of successive 
samples. As Calvin’s (1) model incorporates a mechanism geared to the 
former and the author’s (5) and Williams’ (13) design is adapted to the 
latter, it is not surprising that this should be the case. It also explains why 
samples tasted earlier than immediately before a given one do not influence 
its score appreciably. This was verified by using designs on occasion which 
were balanced for second-order residual effects [see Williams (14)]: resid- 
ual effects of order higher than the first were in no case significant. There 
is also no evidence that the direct effect of one variety interacts with the 
residual effect of another in such experiments as described, but one suspects 
that if two or more of the primary taste concentrations were to vary 
violently from variety to variety that the model would need to incorporate 
an interaction term. 

This discussion has been an attempt to justify the use of the model. The 
applicability of such models can sometimes be tested by internal checks, 
sometimes by external checks, and most often not at all. Features new to 
this model have been singled out in the discussion; other features (e.g., 
additivity) have not been specifically mentioned. Whereas the results and 
analysis can never prove a model to be applicable, in the case of this model 
there is no evidence to the contrary. 

Patterson (10, 11, 12), has used similar models in incomplete blocks, of 
which the latin square is a special case, useful because of its balance and 
facility in computation; there is, of course, no reason why incomplete blocks 
should not be used when the number of varieties is too great for a latin 
square. For other historical information on this model see Ferris (7). 

It is pointed out by Kempthorne (9) that there is a tendency to incor- 
rectly analyze such data as the above as a split plot—i.e., one regards 
the judges as random representatives of the population of consumers (which 
they of course are not, as they are experts in the laboratory) and breaks 
the total panel-score which is the whole-plot entry above into the indi- 
vidual judges’ scores; one then follows the formal split-plot analysis (see 
his Ch. 29). This can be (and was) done as a matter of interest, but one 
cannot generalize conclusions from such an analytic panel to the consumers 


at large. 
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The design serves a specific purpose and serves it well. The underlying 
model is a slight variation on classical statistical models used in other 
fields. The author feels that similar modifications of existing models will 
enable more efficient statistical analyses to be carried out for other prob- 


lems arising in taste-testing. 
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The purpose of this paper is to explain and demonstrate an improved 
approach for determining sample sizes and critical regions for triangle, 
paired, and duo-trio tests. The calculations are made prior to conducting 
these tests. The new calculating procedure will be presented and discussed 
including a discussion of its advantage over current procedures. The paper 
will not deal with any experimental design considerations other than the 
statistical considerations of necessary sample size and critical region 
boundaries. 

It is presupposed the reader has an acquaintance with the statistical 
concepts involved in hypothesis testing. Although reviewed to some extent 
in this paper, the concepts of type I and type II errors are assumed to be 
understood (1, 4). Also the basis for choosing between one- and two-tailed 
hypothesis tests should be understood (7). The references indicated above 
cite recent articles covering the topics of type I and type II errors and one 
and two-tailed tests respectively. Statistical inference texts also treat these 
concepts (3, 6). Finally, background information specifically pertinent to 
this paper can be found in Chapter 2 of Kempthorne’s Design and Analysis 
of Experiments (5). 

Previous consideration has been given to sample size determination in 
triangle ranking tests (7), paired and duo-trio tests (7), and triangle tests 
(8). Viewed from a statistical hypothesis testing viewpoint, the sample size 
determination procedures cited above are incomplete, for the type II error 
or error of the second kind is ignored. They consider only the type I error. 
The procedure presented in the remainder of this paper considers both type 
I and type II errors. 


SAMPLE SIZE AND CRITICAL REGION DETERMINATIONS 


An example will be used to demonstrate the calculations involved in determining 
the necessary sample size and the critical region to insure certain a and f sizes. The 
various symbols used in the calculations are listed and defined in the glossary section. 
The term a is the probability of committing a type I error; that is, a is the probability 
of rejecting the hypothesis when in fact it is true. The term # is the probability of 
committing a type II error; that is, 8 is the probability of accepting the hypothesis 
when in fact it is false. Suppose a paired test is used to determine the taste preference 
between two similar products called A and B. The null hypothesis stating there is no 
taste preference between the two products, A and B, is to be tested. This hypothesis can 
be stated statistically as 

pr = 0.50. 


Here p,’ is defined as the expected proportion of A sample preferences to total pairs 
presented; q;’ is the expected proportion of B sample preferences to total pairs pre- 
sented. The alternate hypothesis states there is a taste preference between product A 
and product B. Statistically the alternate hypothesis can be stated as 


p2’ ~ 0.50. 
259 
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Here p2’ is the expected proportion of A sample preferences to total pairs presented. 
This is the same definition used for p,’. The subscripts 1 and 2 on p’ differentiate 
between expected proportions from the hypothesis and the alternate hypothesis 
respectively. 

In order to proceed with the statistical design of this experiment, several choices 
must be made. These choices are made taking into account the purpose of the experi- 
ment and the time, personnel, and financial resources available for the research. First a 
choice must be made between a one- and two-tailed hypothesis test (7); in this example 
a two-tailed hypothesis test will be used since there is interest in the preference of 
A over B and also interest in the preference of B over A. If there is a preference for A 
over B, the observed proportion of A preference to total pairs, called p, will be larger 
than 0.50; if, however, there is a preference for B over A, p, the observed proportion of 
A preferences to total pairs will be less than 0.50. 

The second and third choices to be made concern the magnitude of the probabili- 
ties of committing errors of type I and type II, @ and £ respectively. Here an a = 0.05 
and a 8 = 0.10 will be used. 

The fourth and last choice to be made is to decide on the difference in proportions 
that would be considered large enough to be of practical interest or value. As stated 
previously, it has been hypothesized that there is no taste preference between products 
A and B, which was stated statistically as 


pr = 0.50. 


A question arises. If the alternate hypothesis, p:’ = 0.51, were true, that is, if the true 
preference proportion of A over B were 0.51; would this difference between 0.50 and 
0.51 be large enough to be of practical importance? Given a large enough sample size 
such a small difference could be detected as a statistically significant difference. Thus 
the experimenter must decide on the size of the difference between the proportions 
from the hypothesis and alternate hypothesis to be considered a practical or an im- 


portant difference. Such a difference has been labelled 6 (2). Here a 6 of 0.15 will be 
used. 


v 


PS -65 


Figure 1. Distribution of sample proportions for the case when the hypothesis 
(p,’ = 0.50) holds and for the case where the alternate hypothesis (p.’ ~ 0.50) specifi- 
cally (p:’ = 0.65) is true. The value of a = 0.05 has been split into the two tails since 
a two-tailed hypothesis test is desired. The proportion p* is the upper boundary of the 
critical region. 


6 = -10 
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Figure 1 graphically portrays the procedure up to this point. The probability dis- 
tribution centered around p,’ = 0.50 represents the distribution of sample proportions 
that would be obtained if the hypothesis of p:’=0.50 were true. The probability dis- 
tribution centered around p:’ = 0.65 represents the distribution of sample proportions 
that would be obtained if the alternate hypothesis p.’ ~ 0.50 were true. Note the alter- 
nate hypothesis, p:’ ~ 0.50 has an infinite number of values; the choice of a specific 
value for 6 pin points the alternate hypothesis at a practical value, 0.65 in this part of 
the example. 

Assuming the sample proportions are binomially distributed and allowing a normal 
approximation to the binomial, Figure 1 can be translated into two equations, 


p* —0.50 


(0.50) (0.50) 
n 


p*—0.65 


(0.65) (0.35) 
n 


Solving these two equations simultaneously for n and p*, the results n= 115 and p* = 
0.59 are obtained. 

Since the experimental interest is such that a two-tailed hypothesis test was chosen, 
the above calculations must also be considered for sample proportion distributions 
centered around p;’=0.50 and p:’ = 0.35. Essentially this means that protection is 
desired against erroneously accepting the hypothesis, p:’ = 0.50, if in fact the alternate 
hypothesis, ps’ = 0.35, is true. The specific value of 0.35 for the alternate hypothesis 
stems from 6 = 0.15 since the difference between 0.50 and 0.15 is 0.35. The equations so 
formed are 


= +1.960 (1) 


*p—0.50 


(0.50) (0.50) 
n 


*p—0.35 


[(0.65)(0.35) 
n 


Solving these two equations simultaneously for n and *p, the results n= 115 and 
*p = 041 are obtained. 

Note the sample size is identical to the sample size calculated using equations (1) 
and (2). Note also the critical region boundaries, *p and p*, are equidistant from 0.50, 
the hypothesized value of the preference proportion. Thus the formulation and solution 
of equations (3) and (4) was unnecessary. This is true in the cases where p,’ is hypothe- 
sized equal to 0.50, specifically the paired and duo-trio tests. In these cases there is 
symmetry and the solution of the second set of equations is unnecessary. However, in a 
two-tailed triangle test both sets of equations must be solved. 

Calculations have been made indicating n= 115, p* =0.59, and *p=041. The 
asterisk to the right of p, p*, denotes the boundary of the upper portion of the critical 
region, and *p denotes the boundary of the lower portion of the critical region. What 
do these results mean? First of all, 115 preference trials are to be conducted. The actual 
preference proportion for product A is then calculated. If the preference proportion, p, 
is less than 0.59 and greater than 0.41, the hypothesis of no taste difference is accepted. 
If p is equal to or greater than 0.59, or if p is equal to or less than 0.41, the hypothesis 
is rejected. Using the above accept-reject rule with the stated sample size, the probabil- 
ity of rejecting the hypothesis, p:’ = 0.50, when in fact this hypothesis is true will be 
0.05 or less (type I error). If the hypothesis is accepted, the probability of erroneously 
accepting it will be 0.10 or less if in fact p.:’ is as large or larger than 0.65 or as small or 
smaller than 0.35 (type II error). 


= —1.960 (3) 


and 

and 


262 ANDREW P. RADKINS 


General equations can be formed corresponding to the ones used in the previous 
example. 


= 2, or Zar (5) 
qi 
n 
and 
(6) 


[ 
n 


The Z values or right hand sides of equations (5) and (6) are obtained from normal curve 
tables and are dependent on the choices made for a and 8. In equation (5) Z, is appropriate 
for a one-tailed test and Za is appropriate for a two-tailed test. Appropriate substitutions 
into the left hand side of equation (5) are determined from the distribution of sample 
proportions expected if the hypothesis were true; thus p,’ is the hypothesized proportion. 
In the paired and duo-trio tests p;’ will be equal to 0.50. In the triangle test p;’ will be equal 
to 0.33 or 144. Equation (6) is formulated from the distribution of sample proportions 
expected if the alternate hypothesis were true; thus p»’ is the proportion given in the alter- 
nate hypothesis. But the alternate hypothesis has many values; a specific value(s) for the 
proportion(s) contained in the alternate hypothesis is a function of 6. That is po’ =p,i’+é 
for a one-tailed test and p2’ =p,’ +6 for a two-tailed test. This demonstrates that two sets 
of two simultaneous equations each must be considered for two-tailed tests; one set from 
and =p;’+é and the second set from p;’ and p2’ =p,’ —6. In all cases q’ can be found 
using the relationship q’=1—p’. These equations are solved for p* or p* and *p thus defin- 
ing the critical region used to test the hypothesis. Also a solution(s) is obtained for n, the 
number of trials to be conducted. So if an experimenter calculates these values and uses the 
required sample size and accepts or rejects according to p* (one-tailed test) or p* and *p 
(two-tailed test), he is assured of an a and a 8 not exceeding his stated values. The accept- 
reject rules can be summarized as follows: For a two-tailed test accept the hypothesis if 
*p<p<p”*, and reject the hypothesis if p<*p or if p>p*. For a one-tailed test the hypoth- 
esis is accepted if p<p* and the hypothesis is rejected if p>p*. When the hypothesis is 
rejected, the experimenter assumes or operates as if the alternate hypothesis were true. 


DISCUSSION 


In the following discussion reference will be made to populations and 
trials; hence it is appropriate to define these terms as used here. A popula- 
tion is the collection of total trials of interest and about which an inference 
is to be made. In the paired test, a trial consists of two different types of 
samples; ordinarily the preference between the two types of samples is to be 
evaluated. In the triangle test, a trial consists of three samples, two of the 
same type and one of a different type; the difference between the two types 
of samples is to be evaluated. In the duo-trio test, a trial consists of three 
samples, first a standard sample followed in random order by another stand- 
ard sample and a non-standard sample; the difference between the standard 
type samples and the non-standard type samples is to be evaluated. 

The procedure that has been presented here hinges on an assumption 
that the preference and difference proportions obtained in paired, duo-trio, 
and triangle testing are binomially distributed. This assumption is widely 
accepted (1, 5). These proportions will be binomially distributed if the pro- 
portions were obtained from a population such that the population prefer- 
ence probability or difference probability is constant. It follows from the 
type of null hypothesis stated in this paper that the population preference 
probability or difference probability will be constant. Thus the binomial 
assumption is valid. For example, in using the triangle test to investigate 


TRIANGLE, PAIRED, DUO-TRIO TESTS 263 


differences, the null hypothesis states no difference exists between the two 
types of samples; or stated statistically, the probability of correctly label- 
ling the odd sample from the three samples in a given trial is 44. Under the 
framework of the null hypothesis, this probability of 44 is known and con- 
stant which justifies the use of the binomial distribution in dealing with the 
obtained proportions. So the procedure reported here is specifically appli- 
cable to situations where it is hypothesized that no preference or difference 
exists in the population, and an inference is to be made from the experi- 
mental results concerning population preferences or differences. 


A procedural point that also merits further discussion is the use of the 
normal distribution to approximate the binomial distribution. The 
following rule (3) can be used to check the appropriateness of the normal 
approximation to the binomial. If np’ is greater than five (np’>5), the 


ratio p*—p’/ yt has a reasonably normal distribution. In the context 


of the present paper, this rule will be met most if not all of the time since 
p’ values will be 14 for duo-trio and paired tests and 14 for triangle tests. 
Applying this rule to the previous example np,’ =(115)(0.50) =57.5 for 
the proportion derived from the hypothesis, and npe’ = (115)(0.35) = 40.25 
and = (115) (0.65) = 74.75 for the specific proportions derived from the 
alternate hypothesis. The use of the normal approximation was quite 
appropriate in this example. It is suggested that this calculation be 
performed as a check especially for n’s less than 50 or 60. 

It was stated originally that hypothesis tests ignoring the type II error 
are incomplete, and that the procedure presented here represented an im- 
provement by considering both type I and type II errors. 

An example of the importance of the type II error is found in duo-trio 
tests conducted to determine if the current batch of product tastes the same 
as the standard product. Hypothesizing there is no taste difference between 
current production and the standard product, committing the type I error 
involves labelling current production as differing from the standard when in 
fact it is the same. Unnecessary corrective action might be taken by further 
blending, processing, or even discarding the current batch. On the other 
hand, committing the type II error involves labelling the current production 
as tasting the same as the standard product when in fact it does not. This 
current production is then distributed to the consumers, some of whom will 
detect a shift in taste, and this is precisely what the duo-trio test in this case 
is designed to prevent. Note committing the type I error results in an in- 
ternal mistake while committing the type II error affects the consumers’ 
reactions. Both errors are of consequence and should be considered in the 
experimental design. 

Perhaps the best way to demonstrate the incomplete nature of experi- 
mental designs ignoring the type II error is to plan an experiment based on 
a consideration of the type I error only and then investigate the size of B at 
some specific value of the alternate hypothesis. Suppose a one-tailed triangle 
test (p,’ = 0.33) is to be conducted and the a level is set at 0.01. At this 
point the experimenter chooses a convenient sample size of say 100 in this 
example, and calculates the boundary of the critical region. Using notation 


i 
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and procedure parallel to that used earlier, the following equation is formed 
by substituting appropriately into equation (5), 


p* —0.33 


(0.33) (0.67) 
100 


Note a set of two equations is not formed since the type II error and the 
alternate hypothesis have been ignored. Note also that the sample size is 
arbitrarily chosen and not calculated. Solving the above equation, p* = 0.44. 
Thus if, p, the observed proportion of odd samples actually labelled odd 
equals or exceeds 0.44, the hypothesis would be rejected; if p was found to 
be less than 0.44 the hypothesis would be accepted. The design protects the 
experimenter against erroneously rejecting the hypothesis, but what are the 
chances of erroneously accepting the hypothesis when an alternate hypoth- 
esis is true? For instance, one would guess that if an alternate hypothesis, 
p2’ = 0.46, were true, the design described above would almost never accept 
the hypothesis, p,’ = 0.33. Substituting into equation (6), 


= 2.327 (7) 


0.44 —0.46 
(0.46)(0.54) (8) 
100 


and solving equation (8), Zs=—0.401. Using a normal curve-table, 
8=0.34. So this design would erroneously accept the hypothesis, p:’ = 0.33, 
about 34 times out of 100 when in fact the alternate hypothesis, po’ = 0.46, 
was true. This is an obviously weak statistical design. 

Had equations (5) and (6) been used with a choice of «= 0.01, B= 
0.05, and § = 0.13, an n = 217 and a p* = 0.40 would have been indicated. 
Although the sample size is a little more than double, the probability of 
committing a type II error would have been reduced from 0.34 to 0.05. 


SUMMARY 


A procedure for planning or designing the statistical phases of organo- 
leptic experiments has been presented. The use of the binomial distribution 
and the normal approximation to the binomial are discussed. Examples 
demonstrating the advantage of this procedure have been given. 
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Glossary of Symbols 


probability of committing a type I error 

probability of committing a type II error 

the number of trials or the sample size 

an observed proportion 

the boundary of the upper portion of the critical region. p* forms the basis for accept- 
ing or rejecting the hypothesis. 

*p = the boundary of the lowér portion of the critical region. *p along with p* form the 
basis for accepting or rejecting the hypothesis. For a two-tailed test *p and p* are 
both necessary to define the critical region. 


* 
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p’ = the expected or long run average proportion. p’ used with a 1 subscript, p,’, refers to 
the proportion expected under the hypothesis. p’ used with a 2 subscript, ps’, refers to 
the proportion expected under the alternate hypothesis. 

6 = the difference between p,;’ and p2’ which is large enough to be considered a practical or 
an important difference. 

q’ = 1—-p’ 

Z = standard variable; Z = PP where o> = ye. 


op 


Z values are obtained from normal curve tables. 
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For a long time, work on non-enzymatic browning of food products 
centered around Maillard type reactions. In recent years, however, the 
importance of other systems is being increasingly felt. Using ion exchange 
resins and studying growning in different fractions of apricot concentrate, 
Haas and Stadtman (2) showed that the over-all browning is the result 
of at least four distinct types of reactions: (a) nitrogenous constituents 
and sugars, (b) nitrogenous constituents and organic acids, (c) sugars 
and organic acids, and (d) organic acids alone. Model system studies 
dealing with (a) have been reviewed by Danehy and Pigman (1) and 
Hodge (3). Work on systems dealing with (c) and (d) has been reported 
by Lewis et al. (4,5) and more recently by Kapur et al. (6). The present 
paper deals with investigations on browning in organic acid-amino acid 
model systems. Though low energy systems (3), they are likely to play 
an important part in the browning of products prepared from highly 
acidic fruits. 

EXPERIMENTAL 

Equal volumes of 0.1 M solutions of 11 organie acids (acetic, propionic, oxalic, 
malonic, succinic, malic, maleic, citric, tartaric, lactic and pyruvic) and 20 amino acids 
(DL-glycine, L-cysteine, L-lysine(0.01 M), L-arginine, DL-tryptophan, Dt-histidine, L- 
leucine, DL-a-alanine, pL-phenylalanine, pi-glutamic acid, DL-aspartic acid, DL-valine, 
DL-serine, pL-methionine, L-tyrosine, L-proline, L-asparagine, L-cystine, DL-isoleucine and 
pi-threonine) were mixed, taking one organic acid and one amino acid at a time, and 
stored in stoppered pyrex test tubes in an oven maintained at 55°C.+1. Control 
organic acids and amino acids were likewise stored. Since, in the preparation of solu- 
tions of some of the amino acids, addition of HCl was found necessary, the same 
quantity of HCl was added to all amino acid solutions to obtain uniform pH conditions. 

During storage, readings for ultraviolet absorption spectra were taken in the 
region 220-300 mu at intervals of 5 mu with a Beckman DU-spectrophotometer after 
1, 5 and 10 weeks. Fluorescence was measured after 1 and 6 weeks with a Klett Summer- 
son Fluorimeter using a riboflavin filter (5200 A) after adjusting the instrument to 
a scale reading of 200 with 0.1 mg. per cent aqueous solution of quinine hydrogen sul- 
phate. Intensity of visible colour was measured as optical density with Lumetron col- 
orimeter using a blue filter (420 mz) after 2, 5 and 10 weeks. For brevity, only first 
and last readings are recorded in Tables 1 and 3. Values for pH were recorded after 
10 weeks’ storage using a Phillips electric pH meter. 


RESULTS AND DISCUSSION 


Ultraviolet absorption spectra. In Table 1 are recorded the positions of 
the peak in the ultraviolet region of the brown precursors involved in 
organic acid-amino acid complexes. Freshly prepared organic acid solu- 
tions show no peak in the region 270-285 my» but during storage, the peak 
started developing except in the case of oxalic and malic acids which had 
no peak even after 10 weeks of storage. Malonic acid showed a peak at 
270, 280 and above 300 my after 1, 5 and 10 weeks of storage, respectively. 
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After 17 weeks, the peak was at 300 my» in freshly prepared amino acid 
solutions; however, a peak in the region of 270-285 mp» was shown by 
arginine, tryptophan, histidine, leucine, alanine, phenylalanine, glutamic 
acid, aspartic acid, valine, tyrosine and isoleucine, while glycine, cysteine, 
lysine, serine, methionine, proline, asparagine, cystine, and threonine 
developed a peak at 275 my during storage. No peak was visible in cysteine, 
lysine and cystine even after 10 weeks of storage. 

In organic acid-amino acid systems, the complexes involving cystine- 
organic acids and ecysteine-organic acids showed no peak at any stage 
during storage, indicating thereby the inhibitory effect of S—S. and 
—SH-— linkage present in cystine and cysteine, respectively. The reducing 
action of these groups probably prevents the conversion of reductones into 
more reactive dehydro forms (3). Methionine which contains sulphur in 
the bound form (—S—CH,) showed no such effect. 

The inhibition of development of peak in organic acid-amino acid sys- 
tems was noted in pyruvie and maleic acids. In pyruvie acid-amino acid 
systems there was no peak at any stage during storage in 14 out of 20 
amino acids. Of the remaining six, phenylalanine, proline and isoleucine 
showed peak at 260-275 mp after 10 weeks, histidine after 5 weeks, and 
tryptophan and tyrosine at all stages. Presence of an indole ring in tryp- 
tophan and a phenolic group in tyrosine seems to contribute towards the 
development of peak at 275 mp». In maleic acid-amino acid systems, 16 
out of 20 amino acids developed no peak at any stage during storage, 
while tryptophan, tyrosine and threonine showed it at all stages. The peak 
at 275 my in aspartic acid-maleie acid system shown after one week dis- 
appeared during further storage. In malice acid-amino acid systems, there 
was no peak in 15 out of 20 amino acids after 2 weeks’ storage, but after- 
wards the peak developed in most cases. Oxalic acid which produces very 
severe browning with fructose and sucrose did not show any such effect 
with 12 out of 20 amino acids while with others the peak developed 
gradually. 

One noteworthy feature of amino acid-organiec acid systems is the 
occurrence of the peak in the vicinity of 275 mp except in phenylalanine- 
organic acid systems where it occurs at 260 my. It is, therefore, likely that 
the nature of brown precursors in these systems may be different from 
those in sugar-organic acid and sugar-amino acid systems where the peak 
is at 282 mp (3). Treatment with a solution of 2:4 dinitrophenyl hydra- 
zine sulphate developed yellow to brown turbidity in all systems showing 
peak indicating thereby that some carbonyl compounds are involved in 
these precursors. This is in agreement with Hodge’s (3) views on the 
subject. 

The values of optical density at peak positions, generally speaking, 
steadily increase during storage. In some systems, however, where the 
original peak at 260 my disappears slowly, giving place to peak at 275 mp, 
the value of the optical density at 260 my gradually decreases and that at 
275 my inereases. Another noteworthy point is that only in two systems 
(acetic acid- amino acids and propionic acid-amino acids), the initial peak 
occurs at 280 my in some eases which subsequently shifts to the lower wave- 
length region accompanied by a decrease in the optical density. 
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Fluorescence. Data in Table 2 show that, in general, the fluorescence 
values increased during storage except in organic acid-tryptophan systems 
where it decreased as the brown colour appeared. (All systems showed 
fluorescence but data are recorded only for those where the value was 
more than 30 units.) The rise in fluorescence values indicates the formation 
of brown precursors. 

Visible colour. In Table 3 is recorded the optical density at 420 mp 
of the coloured solutions only. In all organic acid-tryptophan systems, 
the colour after 10 weeks was dark brown which, as already explained, 
is probably due to the presence of indole ring. A slight yellow colour was 
also developed in histidine-organic acid systems and a faint yellow colour 
in a few other systems. It is surprising that except in succinic acid-tyrosine 
system (O.D.—0.66), but in none of the other systems, tyrosine showed 
the development of colour even though a strong tendency to do so was 
indicated by marked increase in the values of optical density at the peak 
position in the ultra violet region. It is possible that in this case a longer 
period of storage may be needed to give a definite indication of the poly- 
merization of the brown precursors detected by ultraviolet spectroscopy 
and fluorimetry. Slight development of pale yellow colour in organic acid 
cystine systems may be due to the presence of some impurities in the 
amino acid. 

pH value. At the end of 10 weeks’ storage period the pH values were 
1.0 in cysteine, tryptophan and phenylalanine-organic acid systems; 1.2 in 
leucine, tyrosine and cystine-organie acid systems; 1.3 in lysine, histidine, 


glutamic acid and aspartic acid-organic acid systems; 1.4 in arginine, 
alanine and asparagine-organic acid systems; and 1.75 in glycine, valine, 
serine, methionine, proline, isoleucine and threonine-organic acid systems. 
These values show that in the ranges studied, pH alone is not the deter- 
mining factor in the browning of organic acid-amino acid systems. 


SUMMARY 

Browning in organic acid-amino acid model systems involving 11 or- 
ganic acids and 20 amino acids has shown that the ultra violet peak of the 
brown precursors is generally at 275 mp. 

The amino acids containing —S—S— or —SH— linkage (cystine and 
cysteine) did not develop brown precursors during a 10 week storage 
period at 55° C. 

The amino acids containing an indole ring or phenolie group (trypto- 
phan or tyrosine) induce browning faster than other amino acids. 

Pyruvie and maleie acids seem to retard the browning reaction in 

‘organic acid-amino acid systems. 
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THE RESPONSE OF HAMSTERS TO A NATURAL-TYPE 
DIET CONTAINING EMULSIFIERS * 
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With the wide acceptance by the food industry of polyoxyethylene (8) 
stearate (Myrj 45) and other surface-active, partial fatty acid esters as 
emulsifying agents, considerable attention has been directed to the study 
of the nutritional value and safety of these compounds (1, 2, 3, 7, 8, 12, 
13, 14,20). Although most studies emphasize the innocuous effects of Myrj 
45 when ingested in experimental diets at extremely exaggerated dosage 
levels, Schweigert et al. (23, 27), employing purified diets, reported some 
deleterious effects in hamsters. The hamster is a relative newcomer among 
experimental animals for prolonged nutritional studies and much remains 
to be elucidated of its nutritional requirements and normal physiology (35). 
In addition, it is known to be less uniform in its responses than the rat 
and is subject to many transmissible diseases (18, 22, 28). It therefore 
seemed of interest to reevaluate the hamster response to high levels of 
Myrj 45 under conditions where the basal diet consisted of natural rather 
than ‘‘purified’’ ingredients. Although the results of these studies were 
largely negative insofar as demonstrating toxicity was concerned, it seemed 
warranted to record our observations because of the recent publication 
(4,19) of apparently contradictory findings which were originally re- 
ported at the Ice Cream Hearings (25) before the Administrator of the 
Federal Security Agency in 1952. 

The basic composition of the diet fed in our hamster experiments is the 
same as that used in long-term studies of the nutritional effects of a large 
series of emulsifiers in rats (15). It was formulated to resemble the 
American dietary in respect to the proportions of protein, fat, and carbo- 
hydrate present and the proportions of protein and fat derived from 
animal and vegetable sources, while at the same time satisfying the known 
nutritional requirements of either rats or hamsters. The test materials 
were incorporated at the expense of the wheat and corn mixture in the 
ratio in which the latter appear in the diet (i.e., 2:1). 

Two studies were conducted. In the first, diets including equivalent 
levels of Myrj 45 (polyoxyethylene (8) monostearate) were compared 
with those containing a hydrogenated vegetable oil (Primex), diglycerides 
and monoglycerides from meat fats and vegetable fats (sold commercially 
as ‘‘Esterine’’), and cottonseed oil monoglyceride (‘‘Myverol 18—85’’). 
The test materials were fed at graded dietary levels (0, 5, 10, and 15%) 
in successive periods of 2 or 4 weeks’ duration, the levels being the same 
for all materials at any given period. 

Because of the observation of increased kidney weights and somewhat 
lower weight gains in the Myrj 45 hamsters compared with those fed 


*This investigation was supported by a grant from the Atlas Powder Company, 
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Primex (discussed below), it was of interest subsequently to determine 
whether the feeding of the neutral fat in combination with Myrj 45 might 
modify this response. Therefore a second study was undertaken with 
hamsters in which the effects of Myrj 45 and Primex at 20% levels in the 
diet were compared with those resulting from the combination of 10% 
Myrj 45 and 10% Primex. 


EXPERIMENT I 
Procedure. Forty-eight healthy, weanling hamsters of both sexes, purchased from 
the Lakeview Hamster Colony, Newfield, New Jersey, served as experimental subjects. 
They were housed individually in wire-mesh cages in an air-conditioned room at 
75 + 2° F., with food and water available ad libitum. The composition of the rations 
fed in this experiment is shown in the first portion of Table 1. 


TABLE 1 
Composition of rations 


Experiment I Experiment IT 


Ingredient Weeks Weeks 
3-4 5-8 1-10 1-10 1-10 


per cent per cent 
Myrj 45, Esterine or Myverol) 10* 20* 
Primex ) 10 
Whole wheat 28 
Yellow corn 15 
Non-fat milk solids 20 
Meat meal 10 
Alfalfa meal 2 
Dried yeast 1 
Dried pork liver R 0.48 
Celluflour 1 
Sodium chloride d 0.5 
Vitamin B-complex mixture’ 1 
MnS0O,H.O .02 0.02 0.02 0.02 02 0.02 
Vitamins in oil? 1 1 1 1 
1 Providing per 100 grams of ration: Thiamine, 3007; riboflavin, 6007; pyridoxine, 


2007; Ca age gry 2 - niacin, 5 mg.; choline chloride, 200 mg.; inositol, 100 mg.; 
~ acid, iotin, 1 y; folic acid, 1y; cyanocobalamin, 1 y; liver concentrate, 


5 mg. 
? Providing per 100 grams of ration: Vitamin A, 200 u.; vitamin D, 20 u.; a-tocopherol, 
12 mg.; menadione, 100 ¥. 

* Myrj 45 only. 


The hamsters were distributed into 4 groups equilibrated with respect to litter, 
weight, and sex distribution. All received the basal ration for a 2-week period to 
permit them to become acclimatized to laboratory conditions. They were then given 
the diets containing the experimental samples at the following levels: 5% for 2 weeks, 
10% for 4 weeks, 15% for 4 weeks, each group continuing on the same test material. 
The appearance and behavior of the animals were noted daily and body weights re- 
corded weekly during the entire 12-week period. 

At the termination of the experiment, the hamsters were sacrificed, and at necropsy 
the following organs weighed: liver, kidneys, spleen, heart, adrenals, and thyroid 
glands. Histopathological examinations were made of the liver, kidney, duodenum, 
ileum and cecum of two male and two female hamsters on each diet; in addition the 
kidneys of all of the Myrj 45 group were examined. 

Results. No abnormalities of behavior or of physical appearance were observed in 
the hamsters at any time during the 10 weeks of feeding the experimental diets. 

Growth responses are summarized in Table 2 and shown graphically in Figure 1. 
During the period when the 5% levels were being fel, all 4 test groups grew at essen- 
tially the same rate. During the two subsequent periods when the 10 and 15% levels 
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15% Diets 


55% ~ Diets 


Primex 


Body Weight gm 


Myrj 45 
Esterine 


Myverol 18-85 


6 7 8 9 10 


1 3 4 Weeks 


Figure 1. Growth responses of rats fed natural types diets containing Primex, 
Myrj 45, Esterine, and Myverol 18-85, at progressively increasing levels. 


were fed, no significant differences in weight gains were noted among the 3 groups 
fed Myrj 45, Esterine, or Myverol 18-85, but all grew at a somewhat retarded rate 
compared with the group fed Primex. 

On the basis of the food intake data during the final (15%) period, it was pos- 
sible to calculate whether this retardation was due to factors other than the limitation 
imposed by the partial non-calorigenic nature of the test materials. Highest voluntary 
food intake was in the Myrj 45 group, a manifestation apparently related to the lower 
energy level of that diet. Calorie values for Primex, Myrj 45, Esterine and Myverol 
18-85 were originally assumed to be 9.4, 4.1, 9.0, and 8.7 calories per gram respectively ; 
that of Primex and Myrj 45 were modified by experimentally determined coefficients 
of digestibility (reported elsewhere from our Laboratories [16]) and accordingly the 
values 8.84 and 3.32 calories per gram were used in computing the calorie densities of 
these diets. 

From the data in Table 3 it may be seen that the efficiency of caloric utilization 
(ECU) of all the emulsifier diets tended to be lower than that of the Primex diet, the 
differences being somewhat greater in the males than in the females. In the Myrj 45 
group only the male hamsters showed lower ECU values and even in this case the 
difference was not significant at the p= 0.05 level. 

No mortality was directly attributable to the experimental diets. One male in the 
Primex group died as a result of an accidental injury. The Primex and the Esterine 
groups were further reduced by one and three hamsters respectively who escaped from 
their cages and were at large several days before recapture. 

Diarrhea was not observed in any of the groups. At the 5% levels all stools 
appeared the same. Several days after the hamsters began eating the 10% diets, the 
fecal pellets of those eating Myrj 45 became somewhat softer and less well-formed than 
those of the controls. This response remained the same throughout the feeding of the 
15% level. However, at no time did the stools attain a fluid or even a semi-fluid 
character. 

Macroseopie examination at autopsy revealed no evidence of pathology. Par- 
ticular attention was given to the examination of the gastrointestinal and urinary 
tracts. Although there were some enlarged ceca in the animals on Myrj 45, no other 
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TABLE 3 
Data relative to caloric efficiency of diets containing 15% of fat or emulsifiers 


Test Material Sex Net Gain" Food Intake* EFU*? ECU* 


gm. gm. 
Primex Male 12.8 167.6 7.63 
Female 10.4 175.6 5.92 
Both 11.6 171.6 6.78 


Myrj 45 Male 8.4 205.3 4.09 
Female 10.8 220.8 4.89 
Both 9.6 213.1 4.49 


Esterine Male 9. 169.0 5.80 
Female 9. 72.0 5.23 
Both . 170.5 5.52 


Myverol 18-85 | Male . 179.7 5.95 
Female 9, 176.5 5.38 


1 Data from final 4 weeks of feeding. 

2EFU = Efficiency of food utilization = grams gain per 100 grams diet. 

% ECU = Efficiency of calorie utilization = grams gain per 100 calories. Computed from the fol- 
lowing caloric values for the diets 423.4, 340.6, 425.8 and 421.0 calories per 100 grams, resp. 


marked differences of size or condition were noted between the test and Primex groups. 
In fact the gross appearance, both external and internal, of these hamsters was 
entirely normal. 

Average weights of the various organs (expressed as percentage of body weight) 
are shown in Table 4 for the separate and combined sexes. These data for the largest 
differences were examined statistically. Increased heart weights of the Esterine group 
and the apparent increase in thyroid weights of all the emulsifier groups were not 
significant. In the case of the kidneys of the Myrj 45 group, t-values indicated a sig- 
nificant increase in organ weight as compared to the Primex group. 

The liver, kidney, duodenum, ileum, and cecum from 2 male and 2 female hamsters 
on each diet, and the kidneys of all the hamsters in the Myrj 45 group were examined 
histopathologically. 

The liver of one male hamster in the Primex group showed very mild hydropic 
degeneration and mild congestion of the central vein and that of a female in the 
same group, mild central lobular degeneration of the cords. In the liver one male 
in the Myrj 45 group, mild focal degeneration was seen with scattered nuclear changes 
and mild focal round cell infiltration and in another, mild foeal cord degeneration 
and occasional microabscesses were noted. The livers of the remaining test and 
eontrol rats were normal. Kidney tissues were normal in all except one male on the 
Primex diet and 2 females on the Myrj 45 diet; these were only mildly congested. 
The absence of organic abnormalities is of interest in view of the finding that the 
kidneys of the Myrj 45 group were somewhat heavier than those of the other groups. 
One hamster of each sex on the Myrj 45 diet showed mild hyperplasia of Brunner’s 
gland in the duodenum. The duodenum, ileum, and cecum of all other hamsters ex- 
amined appeared normal histologically. 

In summarizing the histopathological findings with reference to the Myrj 45 group, 
the consultant pathologist reported: ‘‘The livers of two of these animals (males) show 
hydropie changes of approximately the same degree as those of the control group. 
The inflammatory changes observed (microabscesses) are most likely incidental. The 
kidneys and the portions of the intestinal tract studied in this group do not appear 
to be adversely affected.’’ 

EXPERIMENT II 


Procedure. Thirty-six weanling hamsters from the same source as described above 
were used in this test. The last 3 columns in Table 1 show the modifications in the 
composition of the rations in which the test components were the combination of 10% 
of Myrj 45 and Primex, 20% Myrj 45, and 20% Primex, respectively. 
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The hamsters were fed the 20% Primex diet for the first week after arrival in 
the laboratory during the preliminary period of acclimatization. They were then dis- 
tributed into 3 groups as above described and fed the experimental rations for a 
period of 10 weeks. Weekly body weight and food consumption records were kept, 
from which efficiencies of caloric utilization were calculated. 

At the termination of the experiment, 4 males and 4 females from each group were 
sacrificed and examined at autopsy. Weights of the livers and kidneys were recorded 
and the liver, kidney, and gastrointestinal tracts of 2 hamsters of each sex per group 
were examined histopathologically. 

Results. No deviations from normal behavior or appearance were observed during 
the 10 weeks of feeding the experimental diets containing Myrj 45 and/or Primex. 

Whereas the fecal pellets of the hamsters eating the 20% Myrj 45 diet were some- 
what softer and less well-formed than those of the controls, frank diarrhea was not 
seen in any of the groups. At no time did the stools attain even a semi-fluid character. 

Growth responses are summarized in Table 5 and shown graphically in Figure 2. 


TABLE 5 
Growth responses of hamsters fed emulsifier, fat or a combination of them 


= of Average Body Weight Net Gain 


Test Material 
at 10 wks. 


and Level and Sex | Initial 10 weeks 


(grams) 

10% Myrj 45 49.9 66.1 
plus 41.6 54.4 

10% Primex 45.8 60.2 

20% Myrj 45 43.0 40.5 

41.9 ‘ 45.2 

42.5 42.8 


20% Primex 40.2 5 62.6 
39.8 65.9 


11MF 40.0 . 64.2 


The growth response in the 20% Myrj 45 group was somewhat less than that of 
the 20% Primex group. However, growth rates of the Myrj 45 plus Primex group 
and of the 20% Primex group were approximately the same throughout. As shown 
graphically in Figure 2, the weight attained by the group fed the combination of 
fat and emulsifier was somewhat higher than that of the group fed the fat alone, 
although the initial weight of the former group was also slightly higher. In any case, 
the difference between the net gains of the 2 groups was not significant. 

Food consumption, especially in the case of the males, seemed to rise with increas- 
ing level of Myrj 45 in the diets. The calorie values for the test diets were computed 
(from data for Myrj 45 and Primex shown in Experiment 1) to be 395.4, 340.2, and 
450.6 per 100 g. diet for the combination diet, Myrj 45, and Primex diets, respectively. 

From the data in Table 6 it may be seen that the efficiency of food utilization 
(EFU) of the 20% Myrj 45 group was approximately half that of the Primex group, 
while that of the Myrj 45 plus Primex group was slighly but not significantly less than 
that of the Primex group. 

The efficiency of calorie utilization (ECU) of the 20% Myrj 45 group was defi- 
nitely diminished as compared with the Primex group. In Experiment I, the ECU of 
the 15% Myrj 45 group was found to be lower than that of the Primex group albeit 
the difference was not statistically significant. It is noteworthy, however, that in Ex- 
periment II which ineluded the age period of 4 to 14 weeks (i.e., the period during 
which growth occurred and the ECU could better be estimated) the addition of 10% 
Myrj 45 to 10% Primex resulted in no diminution of caloric utilization. 

Macroscopic examination at necropsy revealed no evidence of pathology. Except 
for apparent enlargement of the cecum in the 20% Myrj 45 group, the gross appearance 
of the hamsters in all groups was entirely normal. 
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10% Myrj 45 plus 
10% Primex 
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Figure 2. Growth responses of rats fed natural type diets containing 20% Primex, 
20% Myrj 45 and a mixture of 10% Primex plus 10% Myrj 45. 


Average weights of the livers and both kidneys (expressed as percentage of body 
weight) are shown in Table 7 for individual and combined sexes. The data indicate 
that the kidneys of the hamsters fed 20% Myrj 45 were significantly larger than those 
of the Primex animals. Kidneys of the Myrj 45 plus Primex group were larger, but 
only in the case of the females was the difference sufficient to be considered significant. 
As for the livers, the only significant difference was in the males on the Myrj 45 plus 
Primex diet whose livers were heavier than those in the other groups. Tissues of 2 
hamsters of each sex in each group were examined histopathologically. In the group 
fed Primex the livers of all 4 rats showed changes varying from slight to moderately 
severe subacute or acute toxic hepatic cord changes, one showing early portal cirrhosis. 


TABLE 6 
Caloric efficiency of diets containing emulsifier, fat, or a combination of them 


No. of 
Test Material Hamsters Net Gaint | Food Intaket EFU? ECU? 


and Level and Sex 


gm. gm. 


10% Myrj 45 7™M 66.1 473.6 14.0 3.54 
plus 5F 54.4 437.6 12.4 3.14 
10% Primex 12MF 60.2 455.6 13.2 3.34 


20% Myrj 45 4M 40.5 513.7 7.9 2.32 
7F 45.2 541.5 8.3 2.44 
2.38 


527.6 


42.8 


20% Primex 5M 62.6 407.8 15.4 3.42 
6F 65.9 432.7 15.2 3.37 


64.2 420.8 3.40 


1 Average data for 10-week period. 
2EFU = Efficiency of food utilization = grams gain per 100 grams eaten. 

%ECU = Efficeincy of calorie utilization = grams gain per 100 calories eaten: the caloric values 
of the diets were computed as 395.4, 340.2 and 450.6 calories per 100 grams, respectively. 
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TABLE 7 
Average weights of organs of hamsters * 


Test Material | Average 7 
and Level Sex Body Weight? Liver Kidneys 


gm. per cent of body weight 
10% Myrj 45 Male 124 7.09 1.016 

plus Female 103.8 6.27 1.198 
10% Primex Both 114.1 6.68 1.107 


20% Myrj 45 Male 88.8 y 1.214 
Female 90.5 J 1.286 
Both 89.7 < 1.250 


20% Primex Male 114.3 J 0.915 
Female 122.5 0.982 
Both 118.4 . 0.949 


1 Averages of four hamsters of each sex per group. 
2? Average weight of hamsters on day of autopsy. 


The most advanced lesion was in a female in which a moderately severe ‘‘ yellow 
atrophy’’ or diffuse necrosis of recent origin was observed. The histopathologist’s 
report states that ‘‘All of these changes appear to be compatible with recovery on 
cessation of experimental conditions.’’ 

In the group fed the combination of Myrj 45 plus Primex, the livers of one 
female and of two of the males showed changes associated with occasional mild hy- 
dropic disarrangement with lobular swelling and a suggestion of regeneration or a 
recovery phase of a cytoplasmic irritant nature. The liver of the second female was 
normal. These effects were considered ‘‘reversible and transient.’’ In the group fed 
Myrj 45 alone the liver of one male showed mild changes similar to those in the pre- 
ceeding group (Myrj 45 plus Primex); the livers of the other 3 hamsters appeared 
normal. The kidneys in all groups appeared to be normal. This finding is of interest 
in view of the fact that the kidneys in the Myrj 45 group were slightly heavier in 
relation to body weight than those of the other groups. However, it may be pointed 
out that increased organ weights, even in the absence of microscopic pathology, are 
regarded by some investigators as indicative of a stress condition ‘‘ predictive of 
injury to be expected at higher intake levels (but ef. the levels here employed) or 
perhaps after a longer period of treatment’’ (24). 


DISCUSSION 


The studies presented in this report on the effect of abnormally high 
levels of polyoxyethylene (8) monostearate and monoglycerides on ham- 
ster physiology differ from those reported elsewhere by the employment of 
natural rather than ‘‘purified’’ diets, including supplementation with all 
known growth factors, in order to insure satisfying the nutritional and 
physiological dietary requirements for this species of animal. 

At the 5% dietary level none of the test materials caused retarded 
growth. At the 10 and 15% levels, however, though there were no sig- 
nificant differences in responses to the emulsifier diets (Myrj 45, Esterine, 
and Myverol 18-85), growth was somewhat less than on the Primex diet. 
However, when weight gains were related to the caloric values of the 
supplemented diets, the small differences in the efficiency of utilization 
observed between the Primex and the emulsifier diets were found not to be 
significant. These studies thereby confirm and extend other reports. Krehl 
et al. (12) observed no growth retardation upon feeding polyoxyethylene 
(8) monostearate to rats and cats in a diet containing Ruffex and dex- 
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trinized starch although increased food intake resulted from the lowered 
caloric density. Similar results were obtained with rats by Graham and 
Grice (7,8) on diets containing flour plus Alphacel and by Preston et al. 
(20) with children, in both cases with natural-type diets. Not only did 
Chow et al. (2) observe no growth retardation by feeding 5 or 15% Myrj 
52 (polyoxyethylene (40) stearate) in a soybean meal diet to rats, but 
they further demonstrated that the addition of 8% Celluflour to a 10% 
Myrj 52 diet containing soybean meal, a natural bulk producer, resulted 
in markedly enhanced growth and no increase in food intake despite the 
reduction in caloric density. 

Although Poling et al. (4,19) reported growth retardation in rats fed 
a purified diet containing 25% of a polyoxyethylene stearate similar to 
Myrj 45 for 21 weeks, they found it necessary for unexplained reasons, to 
raise the protein level of their diets from 18 to 24% at 8 weeks. Subse- 
quently in this experiment the gains were not significantly less than those 
of the lard-fed controls. ' 

Schweigert et al. (23) employed a synthetic diet containing 3% Cellu- 
flour, and reported retarded growth and poor food utilization of weanling 
hamsters. The efficiency of food utilization in the 15% Myrj 45 group 
was not significantly different from that in the 5% group, hence it would 
appear that impaletability rather than toxicity may have been the sig- 
nificant factor. It is noteworthy that the group which ingested 7.5% lard 
plus 7.5% Celluflour, grew more rapidly that the group on 15% lard 
despite the higher caloric density of the latter diet. This observation sup- 
ports the well-recognized need of hamsters for roughage and suggests that 
the requirement may be accentuated in synthetic high fat diets where the 
carbohydrate is supplied by sucrose rather than by polysaccharides rang- 
ing in complexity from starch to cellulose. (The natural diet employed in 
the studies here reported contained approximately 4% intrinsic fat and 
2.5% crude fiber.) 

Both the food intake data and post-mortem findings in Poling’s growth 
studies with hamsters on purified diets (19) strongly suggest that their 
animals at the 25% polyoxyethylene stearate level rejected the diet and 
died of starvation. Deaths at 7 or 8 months occurred not only at the 15% 
experimental group but in the 15% lard group as well, and in neither case 
should be regarded as of dietary origin. 

Inanition due to non-acceptance of the diet appears also to account 
for the response of their hamsters fed ‘‘bread’’ diets (19), whereby weight 
losses occurred initially with increasing levels of Myrj 45 but normal rates 
of gain were resumed at about the 4th week. Computations based on these 
authors’ data reveal that increasing the level of lard resulted in increased 
efficiency of calorie utilization; however, calorie efficiency, while not in- 
creased was not depressed at the higher levels of Myrj 45. This is of par- 
ticular interest from the toxicological standpoint inasmuch as the partial 
ester emulsifiers are not intended for use as replacements for lard or any 
other food fat and at the normal use concentrations have no effect either 
on caloric density, palatability, or bulk of the diet. 

No gross pathology was observed in our hamster experiments on either 
emulsifier or Primex diets, though in the Myrj 45 group, the ceca and 
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kidneys were somewhat enlarged. Microscopically, all organs including the 
gastrointestinal and urinary tracts were normal. No diarrhea was observed 
in these animals nor was there any indication of hematuria. Absence of 
pathology after feeding Myrj 45 at abnormally high levels for prolonged 
periods of time confirmed studies by others with rats, cats, and humans 
(1, 2, 3, 7, 8, 12, 13, 14, 20). 

Eagle and Poling (4) present their pathological findings in terms of 
per cent, a procedure that can be somewhat misleading when groups are 
as small (7 to 10) as those examined. Critical reexamination of their data 
indicate either the undesirability of the high level of lard in the diet, a 
poor basal diet, or latent initial pathology in their experimental animals. 
In any case, the pathological findings in the control rats, cast considerable 
doubt on the authors’ implication that similar findings in the rats fed 
polyesters are of toxic origin. 

It is noteworthy that many of the pathological findings observed in 
their hamsters are characteristic of vitamin E deficiency. These include 
renal calcification (2,6), gastric ulcers (11), testicular degeneration (6), 
and especially the deposition of a yellow brown pigment. Mason and Em- 
mel are reported to have found ‘‘small globules of pigment .. . in the 
uterine muscle fibers, ovary, interstitial cells of the testis, lymph nodes, 
spleen, fat, macrophages of the liver, kidney’’ and other organs (6). Al- 
though Eagle and Poling found iron in pigmented tissue, the possibility is 
not precluded that some of this pigmentation may have been associated 
with vitamin E deficiency. Inspection of the purified rat diets reveals 
that tocopherols were not added, the only source of vitamin E being the 
vitamin A and D carrier oil. Although wheat germ oil was added to the 
‘*bread’’ rations fed to the hamsters, a chronic vitamin E deficiency may 
account at least partially for the persistent pathology in the control ani- 
mals. Parenthetically it may be noted that hamsters, which normally 
mature as early as 28 days of age and have a short gestation period, are 
extremely sensitive to vitamin E shortage (10, 17,22). Nevertheless, Eagle 
and Poling refer to work by Wissler et al. (4, 26) in which the hemosidero- 
sis is attributed to increased iron absorption via the cecum. Since there 
is no organ in the human equivalent to the cecum of the rat or hamster 
in structure and in function, the occurrence of hemosiderosis via the cecum 
in these animals has no relation to human physiology, and therefore is 
probably of no significance. 

It is well known that hamster urine is normally thick with phosphatic 
sediment. Under conditions of dehydration and hemoconcentration (cf. 
the observed increase in water intake) resulting from diarrhea, it would 
be expected that urinary precipitation would be augmented and the tend- 
ency for calculus formation with attendant inflammation of the urinary 
tract would be increased. Moreover, to the extent that calcium soaps are 
formed in the intestinal lumen thereby diverting phosphate from the in- 
testinal to the urinary tract, this would be exaggerated on diets containing 
high levels of fatty acid (9). These points would appear to be significant 
in relation to Eagle and Poling’s (4) findings as to incidence of renal con- 
cretion in both the lard controls (viz. 3 out of 9) and the Myrj 45 rats 
(viz. 2 out of 5). 
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Culver et al. (3) have shown that in the human polyols are cleared 
rapidly via the kidney. Hence the finding of levels of 0.6 to 2.3 grams 
per cent polyoxyethylene glycol in the blood of Poling’s rats is very sur- 
prising. It is suggested that the dehydration and urinary tract inflamma- 
tion are interrelated with the high polyol blood levels they observed. 

The contrast between the relatively innocuous effects of high level feed- 
ing of Myrj 45 observed in our laboratories (15, 16) and elsewhere and the 
findings of Schweigert, and Poling and their associates, is in no small 
measure related to the reaction of hamsters to natural vs. synthetic diets. 
The fact that the nutritional requirements of this species have not been 
fully elucidated nor their physiological idiosyncrasies well understood is 
given emphasis by the recent report of Ershoff (5) showing that hamsters 
obtained from two of three different suppliers failed to survive 5 weeks 
on a purified ration composed of casein plus sucrose or glucose whereas 
hamsters from the third source thrived. On the o.her hand, hamsters from 
all 3 sources survived and grew normally when fed a natural ration, or a 
purified ration in which cornstarch replaced the sugar or to which aureo- 
mycin or alfalfa were added. 

SUMMARY 

Two experiments are reported in which a hydrogenated vegetable oil 
(Primex), polyoxyethylene (8) monostearate (Myrj 45), a mixture of 
meat and vegetable monoglycerides and diglycerides (Esterine), and cot- 
tonseed oil monoglycerides (Myverol 18-85) were fed to hamsters at vary- 
ing levels from 5 to 20% of a diet composed of natural ingredients and 
simulating the American dietary, for varying periods up to 10 weeks. No 
abnormalities in behavior or physical appearance were observed in any 
of the hamsters at any time during the feeding periods. Diarrhea was not 
observed in any of the groups and no mortality was attributable to the 
dietary regimes. No significant differences in weight gains were noted 
among the three groups fed Myrj 45, Esterine, or Myverol 18-85 although 
all three groups grew at a somewhat retarded rate compared with the 
group fed Primex. Although with Myrj 45 at the 20% level growth was 
somewhat retarded, the combination of 10% Primex and 10% Myrj 45 
resulted in a rate of gain and efficiency of calorie utilization equal to that 
of the 20% Primex group. The high voluntary food intake of the Myrj 
45 group was related to the low caloric density of that diet. The gross 
appearance of the animals, both external and internal, was normal al- 
though the ceca and kidneys of the Myrj 45 group were somewhat en- 
larged. Microscopic studies demonstrated the absence of pathology in the 
following organs: liver, kidney, duodenum, ileum, and cecum. 

The lack of harmful effects upon feeding polyoxyethylene (8) mono- 
stearate (Myrj 45) to hamsters at dietary levels as high as 20% confirms 
the conclusion reached by other investigators working with man as well as 
with experimental animals, that no hazard may be expected from the pro- 
posed use of this emulsifier to the extent of a few tenths of 1% in the 
human diet. 
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Increased marketing of shelled nut meats in transparent flexible plastic 
films and similar containers has emphasized the problems of stabilization 
of the nut meats against oxidative fat rancidity (20). Methods of sta- 
bilization would be ideally based on a thorough knowledge of the inherent 
factors which make the nut meats susceptible or resistant to oxidative fat 
rancidity. Knowledge of these factors is largely lacking in the case of 
English Walnuts (Juglans regia) and most other nut meats. 

The walnut is known to contain highly unsaturated oil which might 
oxidize readily when the pellicle is broken and oil is oriented on the nut 
meat surface. However, there have been no studies to define quantita- 
tively the importance of exposed nut meat surface. Besides this surface- 
catalyzed autoxidation of the oil, lipid peroxidation biocatalysts may be 
present in the walnut, and these may greatly accelerate rancidity. Since 
free fatty acids oxidize more readily than triglycerides, much importance 
has been ascribed to the presence of a lipase and the resulting develop- 
ment of free fatty acids in walnuts. Although free fatty acids do develop 
during storage under conditions suggesting lipase catalysts (19), the 
activity of the walnut lipase has never been measured in vitro. Use of 
this enzyme in simple assay systems is a prerequisite to studies of its 
catalytic properties. Since tocopherols are the principal biological anti- 
oxidants which inhibit oxidation of the unsaturated lipids, the tocopherol 
content of walnuts should be determined. 

Besides the need for defining the factors which influence oxidative 
fat rancidity in the walnut, there is a need for better objective methods 
for measuring this oxidative rancidity. Peroxide values are used indus- 
trially and were used in some previous studies (19). However, our present 
knowledge of oxidative fat rancidity shows carbonyl compounds to be 
responsible for rancid flavors and odors. Methods based on the 2,4- 
dinitrophenylhydrazine or the thiobarbituric acid reactions with carbonyls 
and other products of oxidative fat rancidity have been found applicable 
to a wide variety of foods including fats (12), pork (25), cereal products 
(6), and dried milk (23). Studies of the applicability of these methods 
for objective measure of oxidative fat rancidity in walnuts are needed. 

It was the purpose of this investigation to define some of the factors 
influencing the stability of walnuts against oxidative fat rancidity and to 
determine an objective method for measuring rancidity. 


EXPERIMENTAL 


The walnuts, almonds, filberts and peanuts used in this research were obtained 
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from the Diamond Walnut Growers, Inc., California Almond Growers Exchange, North- 
west Nut Growers, and Southern Utilization Research Branch, respectively. The pecans 
and black walnuts were obtained from local sources. 

Oxygen absorption. Uniformly sized pieces of walnut meats were obtained from the 
Diamond Walnut Growers, Inc. These walnut meat pieces averaged .026 g. per piece 
and had an average area of 16 em.*/g. The water content determined by xylene dis- 
tillation was 2.7% and by vacuum oven was 2.5%. Fat determined by ether extraction 
was 65.4%. For measurement of oxygen absorption, 50 g. of walnut meat pieces were 
placed in a 125 ml. Warburg flask and allowed to oxidize at 37° C. in an atmosphere 
of oxygen. For studies of the oxidation of walnut oil, oil was pressed from the walnut 
pieces in a Carver press. Six ml. of oil were layered out in the bottom of each 125 ml. 
Warburg flask, giving an exposed surface of 1.5 em.*/g. The oil was allowed to oxi- 
dize at 37°C. in an atmosphere of oxygen. The oxygen absorption of nut meat 
pieces and oil was run in triplicate. 

Oxidative catalysts. The protein portion of nut meats was separated by first extract- 
ing the lipids and water with 10 ml. butanol/g. ground nut meats at 0° C. for 1 hr. 
The filtered protein was then extracted with 5 ml. diethyl ether/g. nut meat and 
dried in vacuum. 

The nut meat protein was assayed for oxidative catalysts under conditions suitable 
for the majority of lipoxidase enzymes (22) and hematin compounds (24). One ml. of 
the extract of 1g. protein/10 ml. phosphate buffer was shaken with 4ml. 0.02 M 
ammonium linoleate in 0.01 M phosphate buffer, pH 7, in a Warburg manometric 
apparatus at 20° C. 

Lipase. The first method used for measuring lipase activity was a direct measure 
of free fatty acids liberated from triglyceride emulsions in the presence of a variety 
of walnut extracts. Subsequently, the more sensitive method of Luchinger etal. (18) 
was used to measure the glycerol liberated when the lipase of walnuts catalyzed the 
hydrolysis of monoglycerides. For this assay walnut extract was prepared by mixing 
0.5 g. of petroleum ether defatted walnut powder with 10 ml. distilled water for 10 
minutes. Following centrifugation, the clear supernatant was used as the enzyme source. 
The monoglyceride emulsion consisted of 0.5 g. of glycerol-free monoglyceride of cotton 
seed oil homogenized with 100 ml. distilled water. For assay, 1 ml. of monoglyceride 
emulsion, plus 2 ml. phosphate buffer, pH 7.4, were shaken in a water bath at 30° C., 
and 1ml. of walnut extract was added after temperature equilibration. At time 
intervals, 1 ml. of the reaction mixture was pipetted out, and the reaction was stopped 
by the addition of 0.1 ml. of an inactivating solution consisting of 5 g. calcium chloride 
and 10g. trichloroacetic acid in 85 ml. of water. Glycerol produced by the enzyme 
reaction was measured colorimetrically (16) in a Klett-Summerson photocolorimeter 
using a 450 mu filter. Controls were used to correct for the small amount of hydrolysis 
which occurred when monoglyceride was incubated in the presence of water or heat 
denatured walnut extract instead of undenatured walnut extract. 

Tocopherol content. One gram of ground nut meat was ground with benzene in a 
mortar and made up to 25 ml. volume and allowed to stand 0.5hr. Following centri- 
fugation, an aliquot was reacted with 1 ml. of 0.5% a,a’-bipyridyl in glacial acetic acid 
and 1lml. of 0.25% ferric chloride in acetie acid. Following the addition of ferric 
chloride, absorbance at 515 mu was measured in an Evelyn colorimeter at frequent time 
intervals. Pure a-tocopherol was used as the standard. 

In the method used (7), absorbance at 515 mu, due to the tocopherols, reaches a 
maximum within 2 min. after the addition of ferric chloride. When, in addition to 
tocopherols, less strongly reducing substances are also present, the characteristic sharp 
increase in absorbance is followed by a slower approach to a maximum. In the latter 
case it is assumed that calculated values based on absorbance at 2 min. will represent 
all of the tocopherols with a minimal contribution by the other reducing substances 
present. 

Thiobarbituric acid reaction. Ten g. of ground nut meats were placed in an 800 ml. 
Kjeldahl flask, and 125ml. of 0.025 .N hydrochloric acid were added. The flask was 
heated gently, and the first 50 ml. of distillate were collected in a volumetric flask. 
Ten ml. of the distillate were added to 2ml. of the thiobarbiturie acid reagent and 
made to 100 ml. with glacial acetic acid. The thiobarbituric reagent consisted of 0.67 g. 
thiobarbituric acid, 75 ml. of glacial acetie acid, and 2ml. hydrochloric acid heated 
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on a steam bath to facilitate solution. The distillate and the thiobarbiturie acid 
reagent in acetic acid were heated at 100° C. for 35 min. The reaction was cooled to 
room temperature and the color developed was measured with a Klett-Summerson col- 
orimeter using a 540 mzy filter. 

Organoleptic scoring. The experimental design consisted of a balanced complete 
block of 10 blocks, 3 samples per block, 6 replications per sample and the appearance 
of each sample with every other sample 3 times. An eleven point scoring scale was 
used with 0 equal to no rancidity, 1, 2, 3, slight rancidity, 4, 5, 6, moderate rancidity, 
and 7, 8, 9, 10 extreme rancidity. Tasting was done under red illumination to overcome 
color differences. The panel consisted of 7 people who were selected from a group 
of 15 for their ability to detect and score standard walnut samples having varying 
degrees of rancidity. 


RESULTS AND DISCUSSION 


Oxygen absorption. The oxygen absorption of walnut pieces and the 
equivalent amount of walnut oil are shown in Figure 1. The walnut oil 
had an induction period of 200 hours during which no oxygen absorption 
took place. This induction period was followed by a rapid autocatalytic 
oxygen absorption which is typical of vegetable oils containing tocopherol. 
The liquid condition of the oil allowed the intermixing of reaction com- 
ponents so that the tocopherol and other antioxidants present afforded 
protection against oxidation for 200 hrs. Following this induction period 
the free mixture of reaction components allowed rapid initiation and 
propagation of the oxidation. In contrast to this behavior, the walnut 
pieces showed an immediate oxygen absorption, followed by a constant 
rate of oxidation lasting over 1000 hrs., and then a gradual decrease. This 
behavior pattern can largely be attributed to the fact that the lipid in 
the walnut pieces was immobilized as a surface layer. The exposed sur- 
face (amounting to over 10 times that of the oil equivalent to the nut 
meats) allowed immediate reaction between the highly unsaturated lipids 


NUT MEAT 


HOURS 
Figure 1. Comparison of the oxidation of walnut oil when present in kernel pieces 
and in the liquid phase. 
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and the oxygen. The large reaction rate at the beginning of the reaction 
might be attributed to surface catalyzed autoxidation and to the relatively 
large amount of unsaturated lipids free to oxidize. During the first 
portion of the reaction there are increasing amounts of lipid oxidation 
products and decreasing amounts of lipid free to oxidize. During the 
long period of constant oxidation rate, the amount of lipid oxidation 
products and the rate of chain propagation would probably be high; 
the rate of chain initiation must equal the rate of chain termination, and 
limiting factor is probably unreacted unsaturated lipid. The accumula- 
tion of lipid oxidation products such as lipid oxidation polymers, probably 
accounts for the decrease of the reaction rate at about 1500 hrs. Results 
with ground walnuts are interesting but will not be presented in detail. 
Ground walnuts showed a pattern of oxidation which is intermediate be- 
tween walnut pieces and free oil. Duplicate samples showed an induction 
period of approximately 20 hrs. followed by a period of slow oxygen 
absorption up to 120 hrs. and then a rapid steady state reaction up to 300 
hrs. when the reaction was terminated. This rapid steady state reaction 
was three times faster than that shown in Figure 1 for the walnut pieces. 

The oxygen absorption of walnut pieces shown in Figure 1 indicates 
that the lipid antioxidants afford little protection against surface cata- 
lyzed autoxidation, especially when the protective walnut pellicle is broken 
or lost. It is most significant that there was no induction period but 
rather a rapid oxidation which continued undiminished until the walnut 
pieces became rancid and the oxidation reaction slowed down. This 
experimental evidence indicates that commercial storage of walnut pieces 
in the presence of any oxygen must involve lipid oxidation, a progression 
toward oxidative fat rancidity, and hence, some reduction in quality. 

Oxidative catalysts. The protein of almonds, filberts, pecans, and black 
walnuts gave no catalytic oxidation of linoleate. Under these assay con- 
ditions peanuts and walnuts catalyzed the oxidation of linoleate at rates 
of 1.8 and 0.7 ml. O, absorption/hr./g. protein, respectively. Peanuts are 
known to contain lipoxidase (22) but the biocatalyst in walnuts has not 
been identified. This assay indicates that the biocatalyst in walnuts may 
exist in small amounts since hematin compounds at 10-* M or a lipoxidase 
content equal to 0.4% that of soybeans would give this result. The identi- 
fication of the linoleate oxidation catalyst in walnuts will require further 
research. 

Lipase. The measurement of walnut lipase by the titration of the free 
fatty acids liberated from triglyceride emulsions to which various walnut 
extracts were added indicated very little activity and the need for a 
more sensitive assay method. Consequently the very sensitive method of 
Luchinger et al. (18) was adopted. The results in Table 1 show that wal- 
nuts contain only weak lipolytic activity in comparison to many other 
oil seeds. Walnuts have about the same lipolytic activity as wheat. This 
low order of lipase activity makes kinetic studies of these lipases very 
difficult and indicates that concentration and purification of the lipases 
of walnuts may be difficult because of either their very low concentration 
or their low specific activity. Previous studies (19) which indicate the 
importance of lipases in the oxidative deterioration of walnuts must 
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TABLE 1 
Lipase activity of walnuts 


% glycerol liberated from monoglyceride 
165 min. 


Walnut variety used as enzyme source 


Lg. Eurekas (Chico) : 0.90 
Lg. Eurekas (Yuba) J 0.72 


0.98 


be reconciled with this low order of lipase activity. Previous estimates 
of lipase activity were based on free fatty acid liberation after long 
storage periods of 1 to 3 months and unusually high water contents. 
Furthermore, direct attempts to measure lipase in vitro were previously 
unsuccessful. 

Tocopherols. Tocopherol contents of the nuts assayed are presented in 
Table 2. In the assays of walnut, peanut and pecan extracts, maximum 
absorbance values were not reached until 10 +o 15 min. had elapsed. To- 
copherol contents for these nuts, caleulated on the basis of absorbance 
values at 2 min., may be accepted as closely approaching true values. In 
the benzene extracts of almond and filbert kernels maximum absorbance 
was recorded within the 2 min. interval. Thus, calculated tocopherol 
values for these two nuts may be viewed with greater confidence. 

Table 3 gives averages of literature values for total tocopherols of 
the five nuts. Also presented are iodine values and per cent of unsaturated 
glycerides of the nut oils. Literature values for tocopherols in nuts are 
generally given as mg./100g. of oil. In order to facilitate comparisons on 
a whole-kernel basis, average oil contents of the nuts have been employed 
in ealeulating the tocopherol values of nut kernels. Data for tocopherols 
in English walnuts appear to be absent from the literature. Only one 
reference was found for the tocopherol content of almonds. 


TABLE 2 
Tocopherol content of nut meats 


Nut meats, variety and condition or treatment a 


Walnut, Lg. Eurekas, fresh 25-30 
Walnut, Lg. Eurekas, peeled meats (87% ) 17 
Walnut, Lg. Eurekas, pellicle (13%) 29-31 
Walnut, Lg. Franquettes, fresh 20-25 
Walnut, Lg. Mayettes, fresh 24 


35.0 


Almond, Non-parell, fresh 
27.0 


Almond, Non-parell, blanched 
Almond, Non-parell, roasted 7.4 
Almond, Non-parell, rancid 26.5 
Almond, Mission, fresh 33.5 


28.0 


20.0 
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TABLE 3 
Average literature values for the composition of nut meats 


Unsaturated glycerides Total 


tocopherols References 


Todine value 


Nut meats 
Monoenoic| Dienoic Trienoic 


mg./100 g. 
nut meat 


Walnut 9, 11, 15, 21, 26, 27 


Filbert g 28 , 10, 15, 17, 26 
Pecan ¢ 32 , 4, 138, 15, 17 


Almond ¢ 22 


Table 3 indicates much higher per cent of unsaturation in the walnut 
lipids than in the glycerides of the other nuts listed. This is reflected in 
the approximately 50% higher iodine value of walnut oil. A high corre- 
lation has been reported between the per cent of linoleic acid and tocoph- 
erol content in fats and oils (13). However, walnut oil appears to be 
an exception to this rule. The contrast between the high unsaturation of 
walnut oil and the relatively low tocopherol content of walnuts may 
provide an explanation for the low storage-stability of walnut oil and 
broken walnut kernels. 

The thiobarbituric acid test for rancidity. In seeking an objective chem- 
ical method for quantitative determination of oxidative fat rancidity in 
walnuts, this research was directed toward the measurement of carbonyl 
compounds. Exploratory research showed that ground walnuts held in 
refrigeration under nitrogen, stored at 90°F. for 7 months and stored at 
130° F. for 7 months had carbonyl concentrations of 2x M, 4x M 
and 10x 10° M respectively. Further evaluation of the 2,4-dinitrophenyl- 
hydrazine and the thiobarbituric acid reactions as measures of the products 
of oxidative fat rancidity showed that a modification of the thiobarbituric 
acid method offered the best means of measuring rancidity in walnuts. 
A search of various methods for separating from walnuts the carbonyl 
compounds and other products of rancidity which give reaction with 
thiobarbituric acid reagent showed that steam distillation was applicable. 
Consequently a simplified distillation using the Kjeldahl assembly was 
adopted. Results in Table 4 show that this method of thiobarbituric acid 
assay gives increasing absorbance with storage of the ground walnuts 


TABLE 4 
Thiobarbituric acid assay and organoleptic scores as measures of walnut rancidity 


Storage at 95°F., weeks Organolaptic 
.092 
.104 
122 
.190 
.246 
390 
512 
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and correlates well with organoleptic scores. The color formed in the 
thiobarbituric acid reaction increases as a function of time to 7 weeks 
at 95° F., at which time the walnuts are very rancid and out of the 
rancidity range found in practice. The thiobarbituric acid reaction is 
simple to run, the absorbance of color increases with increasing storage, 
and hence, oxidative deterioration and the absorbance of color correlate 
well with organoleptic scores in the important region—slightly rancid 
to moderately rancid. Therefore, this method appears very useful for 
evaluating oxidative deterioration in walnuts and walnut products. 
Using exactly the same method, its applicability to almonds, pecans 
and filberts was evaluated. Ground almonds held for 6 weeks at 95° F. 
developed an off-flavor in 4 weeks and became rancid in 5 weeks but 
showed no increased color in the thiobarbituric acid reaction. Ground 
pecans, held for 5 weeks, were slightly rancid after 3 weeks and were 
definitely rancid on the 4th week, but gave no color increase in the thio- 
barbiturie acid reaction. Ground filberts, held for 5 weeks, became off- 
flavored in 3 weeks and definitely rancid in the 4th week, but they also 
showed no color increase in the thiobarbiturie acid reaction. The applica- 
bility of this modified thiobarbituric acid reaction as a measure of oxi- 
dative fat rancidity in walnuts but not in almonds, pecans and filberts 
may be ascribed to the fact that trienoic fatty acids occur in walnuts 
but not in almonds, pecans and filberts (Table 3). The thiobarbituric 


acid reaction is primarily a measure of the oxidation products of linolenic 
acid (14). 


SUMMARY 

Investigations were conducted in order to define some of the factors 
influencing the storage stability of English walnuts towards oxidative ran- 
cidity. Measurement of oxygen uptake by walnut oil showed a 200-hour 
induction period followed by rapid autoxidation. Walnut pieces began to 
oxidize immediately ; a steady rate of oxygen uptake lasting 1000 hours was 
followed by a gradual decrease. The significance of the oxidation rates is 
discussed, and the importance of excluding oxygen from commercially 
stored walnut pieces is pointed out. Walnut protein extracts were shown 
to contain an unidentified linoleate-oxidation biocatalyst in low concen- 
tration. In vitro assay of walnut lipase indicated that this enzyme either 
possesses low specific activity or is present in limited concentration. The 
tocopherol content of walnuts was found to be of the same order (20-30 
mg./100g.) as that found in peanuts, pecans, almonds and filberts. The 
literature indicates that the oil of walnuts contains 50% more unsatura- 
tion than does the oil of these other nuts, possibly explaining the low 
storage stability of walnut pieces exposed to oxygen. 

The thiobarbituric acid test (following steam distillation of volatile 
rancidity products) was found to correlate well with storage time and 
organoleptic scores of walnuts but not of almonds, pecans and filberts. 
This test provides a simple and reliable objective means for measuring 
the oxidative deterioration of walnuts. 
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BITTER FLAVOR IN CARROTS. III. THE ISOLATION OF A 
COMPOUND WITH SPECTRAL CHARACTERISTICS SIMILAR 
TO HYDROCARBON EXTRACTS OF BITTER CARROTS." 
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(Manuscript received December 26, 1956) 


* Approved as Journal Paper No. 1055 New York State Agricultural Experiment 


Station, Geneva, N. Y. 
In earlier publications (1,7) it has been shown that the hydrocarbon 


extracts from bitter carrots contain ultraviolet absorbing material absent 
in extracts from non-bitter carrots. Good correlation was obtained between 
the spectrophotometrie data and taste scores of 200 samples. By extraction 
with hexane or cyclohexane a crystalline substance, designated Compound 
A, has been isolated from bitter carrot roots. Compound A approximates 
the ultraviolet spectral characteristics of extracts of bitter carrots. This is 
shown in Figure 1. Dodson, Fukui, Ball, Carolus and Sell have recently re- 
ported the isolation of a compound from bitter carrots melting at 77° C. 
(4). Probably this material is identical with Compound A. However, their 
suggested empirical formula of C,,H,,O0, must be erroneous since no com- 


pound containing only carbon, hydrogen, and oxygen can have an odd 
number of hydrogen atoms. 

Compound A is a colorless crystalline substance, melting at 76°. In the 
carrots we examined, its concentration varied from zero to 50 mg. per 100 g. 
fresh weight. Compound A has a low solubility in water and in 1 N hydro- 
chlorie acid but is readily soluble in ethanol, acetone, chloroform, carbon 


OPTICAL DENSITY 


WAVE LENGTH, my 
Figure 1. Ultraviolet absorption spectrum of the cyclohexane extract from bitter 
carrots. A-—A, and of the crystalline compound, in cyclohexane, isolated from bitter 
carrots * *, concentration 8.1 mg. per liter. 
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tetrachloride as well as in 1 N aqueous sodium hydroxide. The material is 
optically active, [a]? — 56° (c 1 in methanol), and exhibits a strong green- 
ish blue fluorescence when exposed to ultraviolet light. 

Elemental analyses and molecular weight determination indicate an 
empirical formula of C,,H,,0, for Compound A. Other analyses indicate 
the presence of one alkoxy group, one ‘‘active hydrogen’’ and one or two 
C-methyl groups. The observation that compound A gives a violet color 
with ferric chloride, a positive Millon test, and an orange dye with diazo- 
tized sulfanilic acid is interpreted as strong evidence for the presence of a 
phenolic hydroxyl group. The azo dye is a suitable derivative of Compound 
A for chromatographic analysis. 

In the previously published procedure (7) for the estimation of bitter 
flavor in carrots, the results were expressed in terms of ‘‘height of the 
265 mp peak.’’ At that time the compound responsible for the absorption 
characteristics of the hydrocarbon extracts had not been isolated. The 
availability of pure Compound A makes it now possible to express these 
data as mg. Compound A per 100 g. sample by multiplying the value for 
the ‘‘height of the 265 mp» peak’’ by 2.2. Quantitative isolation of Com- 
pound A affords good evidence that Compound A is the major component of 
the hydrocarbon extract from bitter carrots having an absorption peak at 
265 mu. From two samples of bitter carrots in which the height of the 
265 mp peak was 3.5 (equivalent to 7.7 mg. Compound A per 100 g. sample), 
7.8 and 5.2 mg. per 100 g. sample of Compound A could be isolated. 

The fact that Compound A fluoresces is of interest since Bessey, Carolus 
and Sell (2) have shown that fluorescence measurements correlated well 
with bitter flavor in carrots. They observed a greater concentration of the 
fluorescing material in the phloem than in the xylem. Since we have also 
found larger amounts of the ultraviolet absorbing material, as measured 
by absorption spectra, in the phloem, it is suggested that the same com- 
pound is being determined by the two methods. 

The relation of Compound A to the bitter flavor of carrots has been 
investigated. When bitter carrots are steam-distilled a bitter tasting dis- 
tillate, containing oil droplets, is obtained. The concentration of Compound 
A in this distillate must be low since ultraviolet absorption measurements 
failed to show the presence of the material, Figure 2. However, the pres- 
ence of Compound A could be easily demonstrated in the residue after steam 
distillation. The residue still possessed a bitter flavor. Steam distillation 
of the erystalline Compound A also showed that the material is only very 
slightly volatile in steam. That bitter carrots contain off-flavored steam 
volatile constituents has also been shown by Truscott (8). 

When the recrystallized Compound A is placed directly on the tongue, 
it does not exhibit a typical bitter taste. However, a 0.01% aqueous solu- 
tion was found to be bitter by the taste panel. Further taste tests showed 
that the addition of Compound A to steam-distilled non-bitter carrots can 
be detected organoleptically. In addition, tasters could not distinguish be- 
tween steam-distilled non-bitter carrots to which 0.02% Compound A had 
been added and steam-distilled bitter carrots. 

The taste characteristics of Compound A are not unique since Higby 
(6) has shown that limonin, a bitter constituent of navel oranges, does not 
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Figure 2. Ultraviolet absorption spectrum of steam distillate from bitter carrots. 
The distillate was diluted with ethanol. 


taste bitter as a solid, but exhibits a pronounced bitter taste when it is 
dissolved in dilute alcohol. 

It is therefore tentatively concluded that the bitter off-flavor of carrots 
is caused by the presence of several compounds and that Compound A is 
one of these. Although it is unlikely that the flavor characteristics attrib- 


uted to Compound A are due to trace contaminants, this possibility cannot 
be excluded at the present time. 


EXPERIMENTAL ” 


Isolation of Compound A. Carrots which were canned by the previously 
published method (7) and had been selected for bitter flavor were used for 
the isolation of Compound A. After macerating 10 kg. carrots in the 
blender they were extracted twice with 7 liters commercial n-hexane. The 
extracts were combined, filtered and concentrated at atmospheric pressure 
to 400 ml. The residue was transferred to a smaller flask and concentrated in 
vacuum to 25 ml. Crystals precipitated during the evaporation. After 
storage at 0° C. overnight and filtration 1.26 g. crude product was obtained. 
The orange-colored filtrate has the typical off-flavor of bitter carrots. After 
two recrystallizations from 40 ml. purified Skellysolve B (5), the yield of 
Compound A melting at 76° was 0.980 g. Material recrystallized several 
times from aqueous methanol] had the same melting point. In cyclohexane 
the compound has two absorption maxima, one at 300 my E }%,, = 300 and 
another one at 264mp E!%, = 655. 

Anal. Caled. for C,,H,,0,; C, 63.4; H, 5.81; O, 30.8; mol. wt. 208; 
OCH,, 14.9; active H, 0.48; C—CH,, 7.2 for 1 or 14.4 for 2 C—CH, groups. 
Found: C, 63.4; H, 5.78; O, 32.9; mol. wt. (Rast) 183; OCH,, 16.9; active 
H, 0.48; C—CH,, 9.3 (Kuhn, Roth). 

Coupling of Compound A with diazotized sulfanilic acid. This deriva- 


» All melting points were determined on a microscope hot-stage and are corrected. 
Analyses are by Dr. G. Weiler and Dr. F. B. Strauss, Oxford, England. 
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tive was prepared by the procedure of Chang, Hossfelt and Sandstrom 
(3). From 54 mg. Compound A, 75 mg. orange needles were obtained 
which did not melt below 250°. The sodium salt of the dye in methanol has 
an absorption peak at 395 mp». The pigment was chromatogrammed on 
Whatman paper No. 1 which had been dipped in 2% sodium carbonate 
solution (2), and gave an R; 0.27 with n-butanol, ethanol, water (5: 1.75: 5) 
and an R; of 0.13 with secondary butanol saturated with 2% aqueous sodium 


carbonate. 
SUMMARY 


A erystalline substance has been isolated from bitter carrots which 
approximates the ultraviolet spectral characteristics of hydrocarbon ex- 
tracts from the bitter carrots. Some of the physical properties and analytical 
data of the compound are reported. An empirical formula of C,,H,.,0, is 
suggested for the compound. Evidence is presented that the bitter off- 
flavor of carrots is due to several components and that the isolated erystal- 
line compound is one of these. 


Addendum 
(Added to proof, June 10, 1957) 


Compound A has been identified by us as 3-methyl-6-methoxy-8-hydroxy-3,4-dihydro- 
isocoumarin.—E. S. 
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TEXTURE CHANGES IN FROZEN MONTMORENCY CHERRIES 
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In connection with the time-temperature tolerance studies on frozen 
fruits conducted at this Laboratory, it was noted that frozen Montmorency 
cherries toughened when they were stored at temperatures of 20°F. or higher 
but were stable at —10° F. Toughening of texture was noticeable after 2 
weeks’ storage and progressively increased with longer periods of time. 

It was thought that the change in texture might be related to a change 
in the chemical characteristics of the pectic substances. A procedure for 
characterizing pectic substances without extraction from the fruit tissue 
was used." Quantitative methods of analyses were applied to cherry mare 
(insoluble residue) prepared by extraction of the fruit with alcohol. 


MATERIALS AND METHODS 


Commercially packed Montmorency cherries from Traverse City, Michigan, and 
experimental samples from the U. S. Fruit and Vegetable Products Laboratory of this 
Division at Puyallup, Washington, were used in the following studies. The experimental 
cherries were processed in the following way. Freshly harvested Montmorency cherries 
were soaked in water at 45° F. for 12 hours. The cherries were sorted to remove dam- 
aged fruit, pitted and frozen to —10° F. with 60° B. sirup and without sirup in air. A 
description of samples used is presented in Table 1. 


TABLE 1 
Analyses of Montmorency cherries 
Anhydro- | Esterifi- 
uronic cation of | Tender- 
acid in pectic ometer 
Sample Storage Source mare substances | readings 
% 
Untreated —10° F. Wash., 1955 31 
Siruped —10° F., control Wash., 1955 30 
Siruped 6 weeks at 20° F. Wash., 1955 21 


Untreated —10° F., control Wash., 1956 27 
Untreated 5 days at 34° F. Wash., 1956 18 


Siruped —10° F., control Mich., 1953" . 32 
Siruped 4 weeks at 20° F. Mich., 1953 * 21 


Siruped —10° F., control Mich., 1953 32 
Siruped 4 weeks at 20° F. Mich., 1953 26 


1 Immature fruit. 


Cherries stored at —10° F. were frozen solid but at 20° F. the fruit and its sirup 


had the consistency of an icy slush. 
After storage the cherries were thawed to 65° F. and drained. Tenderometer read- 
ings, pectinesterase, and solids and calcium analyses were made directly on the drained 


* Details of the procedure will be published in the near future. 
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fruit. Tenderometer values were read on scale 2.” Pectinesterase activity was deter- 
mined by the method of MacDonnell, Jansen, and Lineweaver (2). 

Cherry mare was prepared by blending the drained cherries with 3 volumes of 95% 
ethanol in an electric blender and allowing the slurry to stand at room temperature for 
one hour. The pulp was suction filtered on Eaton-Dikeman No. 616 paper and the filter 
cake was then suspended in 2 volumes of a 5% solution of hydrochloric acid in 80% 
ethanol for one hour at room temperature. The acid treatment was used to remove salts 
in order to free carboxyl groups for titration with alkali. After filtration the mare was 
washed with 70% ethanol until a negative chloride test with silver nitrate solution was 
obtained. The pressed cake was washed twice with acetone and dried overnight in air 
without heating. The dried mare was ground in a Wiley mill to pass a 40-mesh screen. 

Moisture, ash, acetyl, anhydrouronic acid, and per cent esterification analyses were 
made on the cherry mare. Moistures were run at 60° C. for 20 hours in vacuo. Samples 
were ashed at 600° C. for 4 hours to constant weight. Acetyl determinations were made 
by a colorimetric procedure (3) and the pectic substances characterized by titration of 
the mare. 

A 1-g. sample of dried mare was suspended in 100 ml. of distilled water containing 
1 g. of sodium chloride. Free carboxyls were determined by titration of the slurry with 
0.1 N sodium hydroxide until the pink color of Hinton’s indicator (1) end-point held for 
at least one minute. Samples were shaken vigorously during the titration. This titer was 
expressed in milliequivalents of free carboxyls. The saponification equivalent was de- 
termined on the samples after titration of the free carboxyls. A pipetted sample of 
10 ml. of 0.500 N sodium hydroxide was added to the slurry and the mixture allowed 
to stand at room temperature for 30 minutes to saponify the -O-acetyl and carbomethoxyl 
groups. Ten milliliters of 0.500 N hydrochloric acid was pipetted into the titration flask 
and the liberated carboxyls were titrated with 0.1 N sodium hydroxide to the pink end- 
point of Hinton’s indicator (1). The titer of the liberated carboxyls gave a value for 
the sum of the carbomethoxyls and the -O-acetyls present in the mare. Calculations were 
made with the following formulas: 


Meq. carbomethoxyl per gram = saponification meq. per gram — meq. -O-acetyl per gram. 


Meg. uronic acid per gram = meq. free earboxyls per 
gram + meq. carbomethoxyls per gram. 


meq. carbomethoxyls per gram X 100 
meq. uronic acid per gram j 


Percent esterification = 


meq. uronic acid per gram X 176 X 100 
1,000 


Percent anhydrouronic acid = 


RESULTS AND DISCUSSION 


All cherry samples stored at 20° F. or higher exhibited a texture change. 
The toughening produced after 4 to 6 weeks at 20° F. did not alter the fruit 
sufficiently to make it unpalatable. There was no apparent shrinkage of 
fruit tissue after storage at elevated temperatures. 

The drained cherry samples all had about 0.018% calcium on the fresh- 
weight basis. Total solids of the sugared samples was 18% and that of the 
untreated was 14%. Moistures of the cherry mare were about 11% and the 
ash varied from 0.6% to 1%. The alkalinity of the ash was negligible. 

Toughening does not appear to be related to sugar treatment of the 
cherries. Siruped and untreated control samples gave the same tenderometer 
value after storage at —10° F. Siruped cherries that had been stored at 


>The tenderometer instrument used for these measurements was built by the Food 
Machinery Corporation. Mention of products does not imply endorsement by the De- 
partment of Agriculture. 
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20° F. for 6 weeks were soaked in distilled water for 4 hours to reduce the 
sugar content by diffusion. Tenderometer readings were the same before 
and after soaking. 

Analyses of the cherry mare are presented on a moisture- and ash-free 
basis in Table 1. The -O-acetyl values were all about 1% of the mare and 
were the same for the control and the cherries after storage. Pectinesterase 
activity of all samples was about 0.004 meq. of carbomethoxyl groups of 
pectin hydrolyzed per minute per gram fruit. Though the percentage of 
esterification of the control samples varied, all samples exhibited a drop in 
carbomethoxyls after storage at 20° F. or higher. This drop in esterification 
was accompanied by an increase in toughness as measured by tenderometer 
readings. As the temperature of storage was increased, the rate of tough- 
ening increased. 

SUMMARY 


Frozen Montmorency cherries harvested in Washington and Michigan 
were stored at —10° F. for long periods of time and at 20° F. or higher for 
periods of 5 days to 6 weeks. The cherries toughened during storage at 
elevated temperatures but the texture was stable when stored at —10° F. 
Characterization of the pectic substances showed a lower percentage of 
esterification of the toughened cherries. Change in texture may be attributed 
to an enzymic deesterification and the formation of a calcium pectinate gel 
from calcium present in the fruit tissue combining with carboxyl groups 
when the cherries are not frozen solid as they are at —10° F. 
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In Central America corn is used extensively in animal feeds and may 
make up as high as 75% of human diets in rural areas. Avitaminosis A is a 
major nutritional problem of both humans and animals and estimation of 
vitamin A activity of feedstuffs is important. Bressani et al. (4) have shown 
that for this estimation, chemical methods must consider both eryptoxanthin 
and beta-carotene since local yellow corns contain significant amounts of 


both pigments. 

In the present report further data are presented on the beta-carotene and 
eryptoxanthin content of three Guatemalan yellow corns and their vitamin 
A activity as shown by chemical determinations, as well as the growth, mor- 
tality, and blood serum levels of vitamin A and carotene of baby chicks. 


MATERIALS AND METHODS 


The characteristics of the three Guatemalan yellow corns, Tiquisate Golden Yellow 
(TGY), 142-48 and Santa Maria Cauqué (SMC), have been previously described (3). 
Total carotenoid pigments were extracted with petroleum ether and then washed with 90% 
aqueous methanol to remove lutein and zeoxanthin. The carotenoid extract was first read 
at 440 mz* and then passed through a magnesium oxide-celite column. The beta-carotene 
was eluted with 5% acetone in petroleum ether according to the method of Guilbert (5) 
as modified by Peterson et al. (6), and the eryptoxanthin remaining in the column was 
eluted with 15% acetone in petroleum ether. Both fractions were read at 440 mu. An 
absorption curve of the latter fraction was identical with that of cryptoxanthin. Total 
vitamin A activity was calculated on the basis of eryptoxanthin having one-fourth, and 
beta-carotene one-half, the activity of crystalline vitamin A. 

For the bioiogical trials, 3-day-old New Hampshire baby chicks were distributed by 
weight among 16 experimental groups. Each group contained 12 chicks and was housed 
in an all-wire cage with the temperature decreased progressively from 35° C. at 3 days 
to 21° C. at 5 weeks. The birds were weighed weekly during a 35-day period; the diets 
and water were fed ad libitum and feed consumption recorded daily. 

The composition of the low vitamin A basal ration in grams per 100 grams was: 
sesame oil meal, 30; corozo oil meal,’ 15; vitamin test casein, 4; ground sorghum, 47; 


* (IAN), a technical agricultural organization operated jointly by the Government of 
Guatemala and the International Cooperation Administration of the United States Gov- 
ernment, through the Servicio Cooperativo Interamericano de Agricultura. 

>» (INCAP), a human nutrition Institute supported by the Governments of Central 
America and Panama and administered by the Pan American Sanitary Bureau, Regional 
Office of the World Health Organization. INCAP Scientific Publication No. I-68. 

* Evelyn colorimeter. 

“This is prepared from the nut of the palm Orbignya cohume. 
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mineral mixture with minor elements,® 3; APF,‘ 0.7; Delsterol, 0.02; and 0.5 ml. of an 
aqueous vitamin B-complex solution. Each corn was fed at 1, 3, 6, and 12% of the basal 
ration replacing part of the ground sorghum. The control rations contained 0, 30, 60, and 
120 I. U. of vitamin A, added to each 100 grams of the basal ration. 

At the end of the 5-week feeding period, each bird was bled by heart puncture and 
the blood samples refrigerated and centrifuged one hour later. The individual serum 
samples were analyzed for total carotenoids and vitamin A by the method of Bessey 
et al. (2). 

RESULTS 


Total carotenoid, beta-carotene and eryptoxanthin of the 3 corn samples are given 
in Table 1, together with the caleulated vitamin A activity. Total carotenoids were 


TABLE 1 
Total carotene, beta-carotene and cryptoxanthin content of three Guatemalan corns 
Estimated 


vitamin A 
activity * 


Total Beta-carotene Cryptoxanthin 


carotene 


% of % of meg./g 


meg./g. 


meg./g. 


total 


meg./g. 


total 


11.28 
8.87 
6.37 


3.00 
1.95 
1.22 


26.5 
21.9 
19.2 


4.33 
5.04 
3.65 


38.3 
56.8 
57.3 


2.58 
2.24 
1.52 


1% beta-carotene + % cryptoxanthin. 


highest in the variety TGY (11.28 meg./g.) and significantly lower in 142-48 (8.87 
meg./g.) and SMC (6.37 meg./g.). The beta-carotene of TGY was 35% higher than that 


of 142-48 and 59% higher than that of SMC. However, variety 142-48 had the largest 
amount of cryptoxanthin (5.04 meg./g.) with TGY (4.33 meg./g.) next and SMC 
(3.65 meg./g.) the lowest. 

Weight in grams, efficiency of feed utilization and mortality of the chicks fed the 
various levels of the 3 corns are shown in Table 2. One hundred per cent mortality from 
avitaminosis A occurred in the chicks fed the unsupplemented basal ration. Sixty or 
more I. U. of vitamin A or 3% or more of each of the corns tested proved sufficient to 
prevent death from avitaminosis A under the conditions of the trial. 

Rate of growth and efficiency of feed utilization were highest in the groups fed 
142-48, with those fed SMC intermediate, and TGY the lowest. The growth rates of the 
chicks fed the control ration containing 30, 60, and 120 I. U. of vitamin A were similar 
to those of chicks fed the 6 and 12% levels of the corn varieties 142-48 and SMC and at 
all levels superior to the growth of the chicks fed TGY. 

Data in Table 3 indicate that the blood serum carotenoids and vitamin A levels were 
significantly higher in the groups fed TGY than 142-48 and SMC. The blood serum, 
vitamin A, and carotene levels of the chicks fed the different corns showed a highly 
significant linear relationship to the various levels of carotene (Y = 0.05X + 24.7) and 
vitamin A (Y = 0.004X + 0.20) fed (Figure 1). The 900 meg. standard fell exactly on 
the serum vitamin A regression line and that for 1800 and 3600 meg. below it. The 
earotene vitamin A ratio was similar in the groups fed 142-48 and SMC and approxi- 
mately twice as high in the groups fed TGY. 


DISCUSSION 


By calculation the chemical data indicate that all three of the varieties 
of yellow corn should contain sufficient vitamin A activity for the physical 


*This mixture consisted of one part caleium carbonate, one part sodium chloride, one 
part bonemeal and one-tenth part of the minor element mixture ‘‘ Mini-Rich’’ produced 


by the Thompson-Hayward Chemical Company. 
* Aureofac, courtesy of Dr. T. H. Jukes and the Lederle Laboratories, N. Y. 


corn 
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TABLE 2 
Vitamin A activity, growth, mortality, feed efficiency data and vitamin A 
and total carotene levels in blood serum 
Final Efficiency 
weight feed 
grams utilization 


Ration 


Control (Amount of vitamin A) 
Omeg.( 0 units) 
900 meg. ( 30 units) 
1800 meg. ( 60 units) 
3600 meg. (120 units) 
Corn TGY (Proportion fed) 
1% 
3% 
6% 2.84 
12% 2.86 
Corn 142-48 
1% 3.30 


3% 2.44 
6% 2.32 
12% 2.30 
Corn SMC 
1% 4.22 
3% 2 2.62 
6% 2 2.54 
12% 2.45 


1 All groups began with 12 chicks. 


well-being of baby chicks. However, the vitamin A activity is contributed 
largely by cryptoxanthin and beta-carotene and the relative amounts of each 
are not constant among different corns. This further emphasizes the im- 
portance of analyzing corn for both cryptoxanthin and beta-carotene. 

The biological assays with chicks showed that when 3% of any of the 
three corns studied was fed in the basal ration, no mortality occurred. In 
the case of both 142-48 and SMC the higher the level fed within the range 
studied, the greater the weight gain and the better the feed efficiency. How- 
ever, with corn variety TGY the growth and feed efficiency at the highest 
level fed was actually poorer than at an intermediate level. Although no 
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Figure 1. Relationship of vitamin A intake and serum levels of carotene and 
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TABLE 3 
Effect of 3 Guatemalan corns on the blood serum vitamin A and 
carotene levels of New Hampshire baby chicks 


Dietary Intake 


Total Crypto- Beta- Vitamin A . 
Ration carotene xanthin carotene equivalent? Carotene Vitemin A 


Blood Serum 


mg. meg./100 ml. meg./100 ml. 


1 0.16 0.46 
3 2.67 1.01 0.70 0.60 57 3.78 
6 6.10 2.34 1.62 1.40 88 7.75 
2 2.72 


3 1.99 1.13 0.44 0.50 54. 2.40 
6 4.13 2.35 0.91 1.04 61 3.30 


2.29 


0.10 


3 1.31 0.75 0.25 0.31 31 1.50 
6 3.01 1.73 0.58 0.72 73 2.90 
12 6.27 3.59 1.20 1.50 116 4.70 


Vitamin A (Standard) 


Ce 1.80 25 5.50 
3.60 


1% beta carotene + % cryptoxanthin 


certain explanation can be given for this depression of growth in chicks fed 
the highest level of TGY in this particular trial, it is possible that it was due 
to treatment with Arasan* which this sample alone received. Ackerson and 
Mussehl (1) have reported growth depression in chicks fed corn treated with 
either Arasan or Orthocide and Waibel, Pomeroy and Johnson (9) have 
shown that Arasan-treated corn had a very pronounced depressing effect on 
egg production. The data for TGY are included because, despite the com- 
paratively poorer growth rate, the serum vitamin A and carotene levels show 
the same highly significant linear trend with the amount of corn fed as 
observed for the other two varieties. 

The data for all three corns show excellent agreement between their 
carotene content, calculated for vitamin A activity, and the blood serum 
levels of vitamin A and total carotene. The corn with the highest estimated 
vitamin A activity, TGY, maintained the highest serum carotene and vita- 
min A at each level fed. Moreover, the ratio of vitamin A to carotene in the 
blood of chicks fed TGY was almost twice that of those given 142-48 or SMC, 
suggesting a higher efficiency of conversion. 

The relationship between the amount of corn fed and the resulting levels 
of vitamin A and carotene was such that the vitamin A activity of corn 
could be estimated from blood levels alone if suitable standards were run 
simultaneously. In this connection it should be noted that the first standard 
fell exactly on the calculated line for the vitamin A activity of the cereal 
meals determined by chemical analysis and that the intercept of this line 


TGY 
142 | 
SMC | 
1 0.43 0.25 0.08 7 23 0.85 
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was essentially zero. The two higher standards fell somewhat below the 
calculated line suggesting that at higher dosage levels the vitamin A stan- 
dard was less efficiently absorbed than the carotene in the corns. 

The intercept of 24.7 meg. for the serum carotene regression line was 
close to the lower limit of serum carotene observed in previous depletion 
experiments (7,8). It is useful to call attention again to the inadequacy of 
estimating vitamin A activity of many plants from the determination of a 
single carotene such as beta-carotene or cryptoxanthin. Accurate chemical 
estimations of vitamin A activity require the analysis of all of the active 
carotenes which may be present along with the assigning of a proper factor 
for their relative activity. 


SUMMARY 


Three varieties of yellow corn grown in Guatemala were found by chemi- 
cal analysis to have the following vitamin A activity: TGY 2.58 meg./g.; 
142-48, 2.24 meg./g.; and SMC, 1.52 meg./g. Of this activity, 38.3, 56.8 
and 57.3% respectively, was accounted for by eryptoxanthin and the re- 
mainder by beta-carotene. Other carotene pigments made up 35.2, 21.3 and 
23.5%, respectively, of the total carotene measured. Three per cent of these 
varieties added to the basal vitamin A deficient ration of baby chicks sufficed 
to prevent mortality and improve growth. Within the range of 0 to 12% 
studied blood serum carotene and vitamin A values increased linearly with 
the amount of corn fed. Highest absolute blood levels and the highest ratio 


of carotene to vitamin A in the serum were observed for corn variety TGY. 
The importance of analyzing corn for both beta-carotene and cryptoxanthin 
is emphasized. 


* Fungicide for disinfection of seeds produced by Du Pont de Nemours and Company. 
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Ascorbie acid, a strong reducing agent, catalyzes the formation of 
nitrie oxide myoglobin with or without the use of heat (25,22) and is 
effective in protecting the cured meat pigment once it is formed. In view 
of the usefulness of this compound in preserving meat color, its behavior 
with tissue fats becomes of particular interest. Ascorbie acid has been 
reported to act as an antioxidant in pure fats (6,13). However, it may 
also accelerate oxidation especially when added to animal fats in contact 
with an aqueous phase (1,21). Ascorbyl palmitate, which is fat soluble, 
oxidizes fat alone (17). In numerous experiments in this laboratory in 
which ascorbie acid has been added to meats, it has accelerated rancidity 
in the majority of cases, but occasionally, in some samples of meat, has 
acted as an antioxidant. 

The mechanism of accelerated fat oxidation by this compound is not 
clear. Indirect evidence points to a copper-ascorbie acid combination as 
the causative agent for the pro-oxidation. Lehmann and Watts (15) found 
that when ethylenediaminetetraacetic acid or polyphosphates, which form 
copper chelates, were added with ascorbic acid, its pro-oxidant effect in 
aqueous fat systems was eliminated. It was further found that certain 
phenolic antioxidants, such as with nordihydroguaiaretic acid (26) and 
liquid smokes (24) were synergistic with ascorbic acid which resulted 
in powerful antioxidant combinations. However, other polyhydroxy pri- 
mary antioxidants did not act as antioxidants in aqueous fat systems to 
which aseorbie acid had been added. 

A number of investigators have shown that substanees naturally 
oecurring in plants can inhibit the oxidation of fats (3,7,14). This may 
be due to the flavonoid components of these plants since it has veen shown 
(8,20) that these substances can chelate with copper and diminish its 
catalytic effect. It has been shown (8,16) that structural modifications 
were responsible for large differences in chelating ability. 

It was of interest, therefore, to ascertain the effectiveness of these 
and other polyhydriec compounds as antioxidants in aqueous fat systems 
to which ascorbic acid had been added and to compare their antioxidant 
effeet with their copper chelating activity. 


“Financed in part by a grant from Swift and Co. to the Florida State University. 

»Based on the dissertation by G. G. Kelley, offered in partial fulfillment of the Ph.D. 
degree at Florida State University. 

*Present address: Southern Research Institute, Birmingham 5, Alabama. 
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METHODS 


Antioxidant evaluation. In order to obtain a rapid evaluation of the relative anti- 
oxidant effect of the various compounds, an accelerated test was performed using arti- 
ficial aqueous fat systems. The method has been described in detail elsewhere (21, 15). 
One milliliter of the aqueous solution containing the compound to be tested in 0.02 M 
phosphate buffer, pH 5.8, was absorbed onto a slightly smaller filter paper which was 
carefully placed over the first, eliminating all air bubbles. The petri dishes were sealed 
and stored in an incubator at 45° C. The melted fat very quickly distributes evenly over 
both papers in intimate contact with the aqueous solution. Peroxidation is accompanied 
by bleaching of the carotene, and the samples were designated rancid when the carotene 
was approximately half bleached as determined by visual inspection. Each of the com- 
pounds was tested alone and in combination with ascorbic acid. 

Previous work (4,25) has shown that concentrations of ascorbic acid within the 
range 0.02 to 0.1% were sufficient to catalyze the production of the cured meat pigment, 
and to stabilize the color of fresh meat under certain conditions. A concentration of 
0.03% ascorbic acid was used throughout these experiments. The water soluble test com- 
pounds were added to the aqueous phase in a final concentration of 0.01%. All com- 
ponents were adjusted to pH 5.8. 

Those compounds which had low solubility in water such as nordihydroguaiaretic 
acid and quercetin were dissolved in boiling water and while still hot they were diluted 
to their final concentration. No recrystallization was noted, and the tests were carried 
out immediately after the final dilution was completed. 

Copper chelation. When a copper salt reacts with ascorbic acid it must be in the 
euprie form. The cupric chelate of ascorbate, by an electron shift to the metal, ac- 
quires a semiquinone structure. There then follows a dissociation since monovalent copper 
does not have a strong affinity for oxygen donors. (16, 18,27). Cuproin (2,2’-biquinoly]) 
combines with the cuprous ion to form a colored complex which can be detected and 
whose concentration can be measured by the absorption at 545 my with the Beckman 
DU spectrophotometer. Cuproin prepared in a 50% (volume) aqueous ethanol solvent 
system to a final concentration of 1% provided cuproin solubility and a highly aqueous 
polar medium (11). Ascorbie acid, in the presence of cupric ions and cuproin, catalyzes 
the production of the colored cuprous-cuproin complex, giving maximum optical density 
in less than 30 seconds. The effectiveness of added compounds in inhibiting the forma- 
tion of this complex was measured by plotting the increase in optical density as a 
function of time. The time to reach an optical density of 50% of the maximum with 
ascorbic acid and cuproin alone was assumed to be the time require! to reduce 50% of 
the cupric ion to the cuprous state. Any increase in the time required to reach this point 
could be taken as a measure of the ability of the compound under study to form a 
stable chelate with copper. 

The solutions used in the spectrophotometric method for following the production of 
cuprous ion are described in detail below. The water used te make up the various 
concentrations was triple distilled in glass and demineralized. All concentrations are 
given as final concentrations. 

Four solutions were prepared for each test. Each contained equal parts of ascorbic 
acid (1 X 10*M), 0.1% euproin, 50% ethanol, to which can be added 1 X 10°M of test 
eompound, and 0.01M trishydroxyaminomethane buffer, which serves the dual purpose 
of buffering the solution at pH 5.8 and acting as a vehicle for the addition of cupric 
chloride (1 X 10°M euprie ion). Solution number one, from which the copper was with- 
held, was used to indicate the presence of contaminating cupric ions. Solution number 
two, containing all addenda except the test substance, was used to obtain the maximum 
optical density. Three and four (duplicates) containing all constituents, were used to 
determine the relative values of copper chelation by test substances. In all cases the 
reaction was initiated by addition of the ascorbic acid to the other addenda and the 
timing recorded from that point. 

Detection of trace amounts of copper in test solutions. According to Feigl (10), the 
red-violet aqueous alkaline solution of 1,2-diaminoanthroquinone-3 sulfonie acid turns 
deep blue on addition of small amounts of copper salts. A drop of the neutral or acid 
test solutions on a spot plate, or in a microcrucible, is treated with a drop of the reagent 
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and then made alkaline with 1N sodium hydroxide. If the color changes from red violet 
to deep blue, copper is present. Copper can be positively identified in concentrations as 


low as 0.02 gamma per ml. 
RESULTS 


The triple distilled water, buffer solution, and fat gave positive tests 
for copper. Although copper was present in only trace amounts in each 
of the addenda tested, the total copper present in the aqueous fat system 
could be appreciable. 

The data on the relative effectiveness of various types of compounds 
in promoting or preventing rancidity when alone and in combination 
with ascorbic acid are given in Table 1. It can be seen that all compounds 
tested, with the exception of naringenin and hesperidin, neither of which 
have ortho- or para-hydroxy groups, had some antioxidant effect when 
used alone. However, of those compounds tested which had antioxidant 
activity alone, only those with marked ability to chelate copper synergized 
with ascorbic acid. 

TABLE 1 
Antioxidant and prooxidant effect of some polyhydroxy compounds 


Days to turn rancid at 45°C. 
Ability to 


Compound Added No ascorbic Ascorbic 
acid acid 0.03% 


A 
= 


Control buffer pH 5.8............. 
Nordihydroguaiaretie acid 
Quercetin 
Mpyricitin 
Quercetrin 
Luteolin 
Rutin 
Galloeatechin 


wwwww  & w 


AAAAAA 


Naringenin 
Hesperidin 

2 Delay (presumed to be due to copper complexing) in time to reach 50% reduction of cupric 
ion by ascorbic acid. 


DISCUSSION 

An hypothesis concerning the mechanism of the pro-oxidant effect of 
ascorbic acid. Rancidity results from the oxidative decomposition of unsat- 
urated fats. Non-conjugated polyethenoie acids are especially susceptible 
to oxidative rancidity due to the activation of methylene groups by two 
adjacent double bonds. It has been found that although ascorbic acid 
incorporated into an aqueous fat phase exerts a powerful pro-oxidant 
effect, this effect is confined to fats containing such an active methylene 
group (26). The first step in the oxidative decomposition of unsaturated 
fats is believed to be a dehydrogenation from this activated methylene 
group to yield a free radical. 


H H H 
—CH=CH—C—C=CH— —CH=—CH—C—CH=CH— + -H 
H 


copper * 
8 | < 0.5 HE secs. 
30 44 hrs. 
33 64 hrs. 
31 61 hrs. 
28 38 hrs. 
23 31 hrs. 
22 28 hrs. 
21 28 hrs. 
21 26 hrs. 
21 < 30 sees. 
Hydroquinone..............sc0.:seeeeeee: 21 0 < 30 sees. 
21 0 < 30 sees. 
12 0 | < 30 sees. 
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There then follows the addition of oxygen to the methylene radical. 


H H 
—CH=CH—C—CH=CH— + 0, —CH=CH—C—CH— 

O 

O 


This radical in turn brings about a dehydrogenation from an activated 
methylene group of another fat molecule, and the cycle is continuous. 


H H 
—CH=CHC—CH=CH— + —CH=CH—C—CH=CH— 


H O 
O 


H H 
—CH=—CH—C—CH=CH— + —CH=CH—C—CH=CH— 

O 

O 

H 


Decomposition of peroxides may produce additional free radicals initiating 
more chains. 

The time required for oxidation of fat in an aqueous fat system is 
considerably shorter than that required for the same system to which 
ascorbic acid has been added. It may be assumed that the ascorbic acid 
is involved in initiation of the primary oxidative step in fat rancidity, 
i.e., the dehydrogenation of the activated methylene group. 

It has been shown (18,27) that copper catalyzes the oxidation of 
ascorbie acid (AH,) with the formation of a free radical as follows: 


AH, ——— AH- + H+ 
AH- + Cu** ——— AH: + Cu* 


If the further assumption is made that the AH~ can cause the dehydrogena- 
tion of the activated methylene group of the fat, this could be the initia- 
tion step of the peroxidation cycle. 


H 
—CH=CH—C—CH=-CH + AH: 
H 


H 
—CH=CH—C—CH=CH - H 


In the absence of experimental evidence on the disappearance of ascorbic 
acid from an aqueous fat solution, it may be postulated that ascorbic acid 
can either (a) recombine: AH- + -H——-> AH, or (b) dispropor- 
tionate: 2AH- —--— AH, + A, or both. 

It had been found in earlier work (23) that dehydroascorbie acid was 
also capable of initiating the very rapid oxidation of fat in an aqueous 
system. Since then it has been shown (9,19) that under certain condi- 
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tions ascorbic acid can be regenerated from dehydroascorbie acid by 
oxido-reduction reactions. 

It is also entirely possible that ascorbie acid and dehydroascorbie acid 
are oxidized to threonic acid and oxalic acid since considerably more than 
catalytic amounts of these compounds are required to initiate the pro- 
oxidant effect. In contrast, copper was active in the aqueous fat system 
in catalytic amounts of 1x 10-° M. Copper concentrations of this magni- 
tude were normally found in this system. 

It is reasonable that copper is necessary in only catalytic amounts 
because when the peroxide is formed the cuprous ion causes a scission of 
the peroxide, and an oxidation of the cuprous to the cupric ion (27). The 
cupric ion is then available for further reaction with the ascorbic acid. 


H Cut 
O 


O 
H 


H 
—CH—CH—C—CH+=CH— + -OH + Cu** 
O 


The free radical formed by the scission of the peroxide may initiate 
further reaction chains, thus increasing the rate of fat oxidation. 

Polyhydroxy compounds and their ability to chelate copper. It is clear 
from a study of molecular configuration (Table 2) that all of the substances, 
which are active antioxidants when in combination with ascorbic acid, 
possess at least two or more functional groups capable of chelation with 
copper so that one or more rings can be formed. There is also a clear in- 
dication that the presence of ascorbic acid improves the antioxidant quality 
of those compounds which form stable copper chelates. These compounds 
complex the copper so that it can not oxidize ascorbic acid and the latter 
is then capable of acting as a synergistic antioxidant. 

It has been shown (5) that chelates formed from dihydroxy compounds 
are those of the a, 8 dihydroxy compounds to give five membered rings of 


the following type: 
4™ 


The properties used to demonstrate chelation, i.e., increased acidity and 
increased electrical conductance, indicated weak to no interaction when the 
hydroxy! groups were further apart. There would, therefore, be no chelation 
of copper, and thus no retardation of the prooxidant effect of ascorbie acid 
by substances of the meta and para type. An example of this would be the 
ease of hydroquinone. 

Ortho dihydroxy compounds such as dihydroxyphenylalanine, catechol, 
and gallates, while effective antioxidants, are apparently of no value as 
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TABLE 2 
The structure of some polyhydroxy compounds 


CH; 
(CHa)s-CH- (CHa)s GH - (CHd3- cn 
He CH3 CH3 CH3 


a~-TOCOPHEROL 


NORDIHYDROGUAIARETIC ACID 


OH OH 
QUERCETIN 


OH OH 
GALLOCATECHIN 


CYANIDIN 


OH 
H OH 
He 


OH 6 


CATECHOL 


NARINGENIN 


inhibitors of the prooxidant effect of ascorbic acid possibly because they 
form soluble chelates which, although stabilized by resonance, are dis- 
sociable (5). 

Nordihydroguaiaretic acid, quercetin, myricitin, quercetrin, lutiolin, 
rutin, and gallocatechin are ideally suited as natural product sequestering 
agents since they are nontoxic, are structurally capable of copper complex- 
ing, and can form relatively insoluble copper complexes. 

The greater activity of quercetin compared with rutin led Clark and 
Geissman (8) to propose that in the flavonoids the important complex form- 
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ing elements were the 3’, 4’ dihydroxy groupings, and the 3 hydroxy, 4 keto 
groupings shown as A and B in the formula for quercetin (1) below. 


The importance of the structure was ascribed by these authors to the stabi- 
lization of the complex II by contributions to the resonance hybrid forms 


such as ITI. 


That chelation with copper actually takes place with these flavonoid com- 
pounds was shown qualitatively by the formation of colored substances (in 
solution or as insoluble precipitates) when cupric chloride was added to 
their alcoholic solutions (8). Polarographic studies (12) have demonstrated 
that complexes are formed as shown by the disappearance or diminution of 
the normal copper wave, and the appearance of a new wave or a more nega- 
tive half wave potential in mixtures containing copper sulfate and a num- 
ber of flavonoid compounds. These agreed very well with those compounds 
which were found to be antioxidants, and to inhibit the prooxidant effect 
of ascorbic acid. 
SUMMARY 

A number of compounds were tested for their effect on rancidity alone 
and combined with ascorbic acid. Nordihydroguaiaretic acid and certain 
flavonoid compounds were effective antioxidants, and inhibited the pro- 
oxidant effect of ascorbic acid for prolonged periods of time. 

A copper-ascorbie acid complex was believed to be the causative agent 
for the prooxidant effect of ascorbic acid in aqueous fat systems, and a 
hypothesis was proposed to account for the acceleration of fat rancidity by 
this complex. This hypothesis was supported by evidence that these com- 
pounds which were effective antioxidants in the presence of ascorbic acid 
were capable of forming stable copper chelates. 
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One aspect of flavor research appears to be evolving rapidly as a science. 
This concerns identification of (volatile) flavor compounds and results from 
recently developed chromatographic and spectroanalytical tools. Such tools 
have enabled identification on a microscale heretofore impossible. It seems 
probable that comprehensive analyses of volatiles from many foods will soon 
find their way into the literature. When identification data are in hand, 
the question arises: which of the identified compounds are of flavor signifi- 
cance? Because of the relative nature of flavor and odor, answers to this 
question ordinarily have been presented as personal opinions. This state of 
affairs indicates the need for a more objective approach. 


EXPERIMENTAL 


In determining whether a particular compound is of significance in a flavor, 2 prin- 
cipal problems must be solved: (a) the concentration of the compound in the food 
product must be determined and (b) the flavor threshold-value for the compound must 
be revealed. The premise is that compounds which exceed threshold-level in a food are 
significant in its flavor, whereas those occurring below threshold are not. Although this 
premise may not hold in all instances, it does appear to have merit as a working prin- 
ciple. Concerning the problem of determining concentration of the compound in the 
food product, the answer frequently is inherent in the identification work. If not, it 
usually can be secured by one of the many sensitive analytical methods. The second 
problem, that of determining threshold-values for flavor compounds, need not be overly 
difficult. Threshold-studies may be very precise, elaborate and time-consuming. However, 
a fairly simple version, which appears adequate for the purpose, has been employed at 
this laboratory. This procedure is as follows: 

A series of samples are prepared containing the compound in a range from zero 
concentration to well above the anticipated threshold-area. Samples can be made by 
using water or any other convenient and appropriate medium. The samples are adjusted 
to approximately room temperature and, using a dentist’s chair type of environment, are 
presented by spray technique to the taste observers. In this technique, a 3-ml. sample is 
drawn into a 5-ml. graduated pipette by means of an attached rubber bulb. The sample 
is then sprayed into the mouth of the taste observer who, after evaluation of the sample, 
merely indicates his judgment as positive or negative concerning presence of the com- 
pound. One or two preliminary presentations of the zero and highest concentration sam- 
ples are made to each observer so that he will be properly oriented to make judgments. 
Samples are then presented in random order. Rinsing the mouth and rest periods between 
observations are left to the discretion of the individual observer. Five observers, recruited 
from available personnel, are used. At times individuals showing extremes of sensitivity 
or insensitivity to the compound under study will be encountered. These should be re- 
placed by individuals who conform more nearly to the norm of the group. Five presen- 
tations per concentration per observer generally afford adequate data. This yields a 
total of 25 judgments for a given concentration when 5 observers are employed. Data 


* Authorized for publication on January 10, 1957 as paper No. 2118 in the journal 
series of the Pennsylvania Agricultural Experiment Station. 
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may be plotted as shown in Figure 1, with the 50% level of positive responses being 
selected as the average threshold for the compound. 
RESULTS AND DISCUSSION 
Flavor threshold-data secured by this method for a number of com- 
pounds are presented in Table 1. The extremely low threshold-values for 
the sulfur compounds in this table are notable. 


TABLE 1 
Flavor thresholds for some volatile compounds 


Butyrie acid Homog. milk 25 rancid milk 
Caproie acid Homog. milk 14 rancid milk 
Acetaldehyde Skim milk 1.3 burnt, malty 
Acetone Skim milk 500° chemical, medicinal 
Butanone Skim milk 50 fermented, sour milk 
Methional Skim milk 0.05 broth-like 
Methy! disulfide Skim milk 0.021 putrid, burnt 
Methyl sulfide Water 0.012 malty, cowy 
Methy! mereaptan Water 0.002 putrid, cooked cabbage 


1 Average values derived from results of five observers. 
2Individual observers varied widely in their sensitivity to acetone. Thresholds ranged from 40 


to 1000 p.p.m. 


It will be clear that this procedure for determining flavor thresholds is 
not meant to be inflexible. Psychometric experimentation ordinarily in- 
volves many variables. The manner in which these are controlled will be 
determined best by the specific requirements of a problem. 

Unfortunately, there are unanswered questions in the field of flavor 
perception which may have a bearing on the proposed method of evaluating 
flavor significance. One consideration of importance concerns the role of 
compounds present at sub-threshold-levels in the flavor of foods. Another 
involves the possible masking effect of a food system on flavor substances 
present at levels above threshold. Despite these finer points of flavor 
science, it is felt that the proposed practical method may provide guiding 
information along the lines needed. 


POSITIVE RESPONSES, 


! 
! 
L 


i J 
0.01 0.1 1.0 
CONCENTRATION,p.p.m. 


Fig. 1. Average threshold-data for methyl disulfide in skim milk using five taste ob- 
servers. (Average threshold-value at the 50% level of positive response—0.021 p.p.m.). 
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SUMMARY 


A method is presented for evaluating the significance of volatile com- 
pounds in the flavor of foods. This method is based on determining concen- 
tration of the compound in a food and deriving its flavor threshold value 
psychometrically. Compounds present at levels in excess of their threshold- 
range are considered to make a direct contribution to flavor, whereas those 
below threshold are thought to exert little or no effect. A relatively simple 
procedure for determining flavor thresholds is described and threshold data 
for a number of compounds, including some containing reduced sulfur, are 
presented. 
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Maleic hydrazide, 1,2-dihydro-3,6-pyridazinedione, is generally regarded 
as an inhibitor of plant growth. Previous studies (2, 4,7, 8) have indicated 
that the shelf life of many economically important root crops and other 
storage organs (tubers) can be extended by proper treatment of plants 
with maleic hydrazide. The visual effect of treatment is the inhibition of 
growth in the storage organ, which suggests that the nutrient value of the 
storage organ is preserved. Growth in the storage product may be effec- 
tively inhibited and its storage life prolonged by preharvest foliar sprays 
of maleic hydrazide at the proper stage of plant development. This method 
of treatment, although not the only effective one, is particularly desirable 
since it circumvents partially the problem of large amounts of residue re- 
maining in the product used for food. Since application is not directly on 
the root or tuber, residues which remain must have been absorbed by and 
from the foliage and translocated by the plant to the storage organ. 

When sprayed on the radish foliage prior to harvest, maleic hydrazide 
is effective in preventing new shoot and secondary root growth of topped 
and packaged radishes subsequently held in storage until marketed (1). 
Since commercially topped radishes are frequently topped mechanically by 
clipping near the base of the petioles without removal of the vegetative 
growing points, subsequent growth during storage is of some concern. The 
inhibition of new shoot and root growth is important for preserving the 
nutrient value of the storage organ and for the product to meet existing 
market standards (3). 

The effect of a preharvest foliar application of maleic hydrazide on the 
gross composition and mineral composition of the radish is reported herein. 


MATERIALS AND METHODS 


Radishes were seeded in ground bed plots in the greenhouse and grown under con- 
ditions comparable to commercial culture.. When the fleshy root had obtained a market- 
able size, the foliage of one-half of each plot was sprayed with a 2500 p.p.m. solution of 
maleic hydrazide at a rate of about one liter of solution per 100 sq. ft. (equivalent to 
ca 6 pounds MH-40” per acre). Forty-eight hours after treatment 3 replicate weight 
equivalent samples containing 25 plants per sample were taken from each of 3 control 
and treated plots. Leaves were clipped near the base of the petioles without removal of 
the vegetative growing tips. Leaf tissue was dried immediately in a forced air oven at 
60° C. and prepared for chemical analysis by grinding in a Wiley Mill to pass a 60-mesh 
sieve. Topped roots were then stored 168 hours in ventilated polyethylene containers at 


* Journal Article No. 1967 from the Michigan Experiment Station, East Lansing. 
This research was supported by the Horace H. Rackman Research Endowment of Michi- 


gan State University. 
> MH-40 is a sodium salt formulation containing 40 percent maleic hydrazide obtained 


from Naugatuck Chemical, Naugatuck, Conn. 
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the prevailing greenhouse temperatures (55 to 70° F.) until new shoot and secondary 
root growth was apparent on the control samples. The leaf petiole bases and new re- 
maining shoot growth, if present, were then removed, the fleshy roots dried, and ground 
for chemical analysis. A second sampling was conducted as described previously except 
that radishes were harvested 216 hours after treatment with maleic hydrazide. Both the 
leaf and root tissue were prepared for chemical analysis without storage. This harvest 
corresponded to the time elapse of 48 hours after treatment plus the 168 hours of storage 
for the previous samples. 

Carbohydrates were determined by a modification of methods deseribed by Sell et al. 
(5). A semi-micro Kjeldahl procedure using potassium sulfate and copper sulfate as 
catalyst was used for the nitrogen determination. Mineral analyses were determined 
spectrographically with the exception of sodium and potassium which were evaluated 
flame photometrically. 

RESULTS AND DISCUSSION 


Radishes treated with maleic hydrazide to control growth in storage, 
and thereby to extend the shelf life, raises the question of the effect of 
chemical treatment on the nutritional quality of this food product. Data in 
Table 1 indicate that radishes (fleshy roots) harvested 48 hours after maleic 


TABLE 1 


The effect of maleic hydrazide’ on the gross composition of radishes 
(Results expressed as percent dry weight)* 


Fleshy Roots Leaves 


After 48 hrs. plus| After 216 hours After 48 hours After 216 hours 
Plant Constituent 168 hrs. storage no storage no storage no storage 


MH- MH- MH- MH- 
Control Treated | Control Treated | Control Treated | Control Treated 


4.45 4.57 5.42 6.58**| 6.54 6.68* 6.43 9.90** 
1.82 2.15**!| 2.37 1.20**| 4.02 3.85 3.68 
Kjeldahl nitrogen 3.32 3.25 2.82 2.59*| 5.82 5.59* 5.42 
Reducing sugars 19.41 19.93 29.76 28.96 0.67 0.44 2.75 
Non-reducing 
1.80 2.36* 0.43 2.63**| 3.07 3.33 0.00 
0.62 0.38**|} 0.25 0.27 0.76 1,45** | 0.25 
Polysaecharides* 1.72 1.54 3.76 3.00 2.67 2.56 3.19 
Total carbohy- 
drates determined 23.55 24.21 84.17 35.47 7.14 7.77 6.19 

1 Applied at a concentration of 2500 p.p.m. as a preharvest foliar spray. 

2 All results are the mean values obtained from single determinations on three replicate samples. 

* Acid hydrolyzable polysaccharides other than starch. 


* Difference between treated and control significant (P = 0.05). 
** Difference between treated and control highly significant (P = 0.01). 


hydrazide treatment and then stored as topped radishes for 168 hours re- 
mained at essentially the same nutritional level as reflected by the gross 
composition analyses. This was true even though new shoot and secondary 
root growth was common on the control radishes while none occurred on 
the treated lots after 168 hours’ storage. Results of the chemical analyses 
(Table 1) show statistically significant increases in ether extract and non- 
reducing sugar and decreases in starch. Although these differences were 
significant, they do not reflect a large change in composition or nutritional 
quality. 

Even though a 48-hour treatment with maleic hydrazide effectively 
prolonged storage quality without essentially altering the composition, 
further investigations of the effects of maleic hydrazide on the composition 
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was also of interest. Data in Table 1 shows that prolonged treatment with 
maleic hydrazide (216 hours) resulted in more pronounced changes in 
composition. This treatment increased the dry weight by about 1% and the 
non-reducing sugar by 2%. A slight decrease in reducing sugars and a 
decrease in the amount of ether extractives was observed; the other com- 
ponents remained essentially unchanged. 

Although the composition of the leaf tissues of maleic hydrazide treated 
radishes is of little nutritional interest since these parts are not usually 
consumed, it seemed appropriate for the sake of completeness to determine 
leaf composition. Results of these analyses (Table 1) indicate that 48 hours 
after treatment the only significant differences in composition were in- 
creased dry weights and approximately twice the quantity of starch when 
compared with the corresponding control tissue. In addition, the nitrogen 
content was decreased slightly. Like the fleshy root, greater changes in 
composition occurred 216 hours after treatment. Significant increases in 
dry weight, reducing and non-reducing sugars were observed in the treated 
leaf samples, while the nitrogen content decreased. 

The water relationship in both the treated roots and leaves was altered 
by application of maleic hydrazide. Most marked effect oceurred in the 
latter after the longer exposure to the chemical. The increase in reducing 
and/or non-reducing sugars suggests an inhibition of respiration (6). 

Since radishes are a good source of minerals for the human diet, it was 
of interest to determine the effect of chemical treatment on the mineral level. 
The mineral content of the roots and leaves is presented in Table 2. These 
data indicate that the chemical treatments had little effect on the mineral 
composition. The only significant changes as noted in Table 2 were increases 
in sodium in the leaves 48 hours after treatment and decreases in caleium 
and phosphorus 216 hours after treatment. 


TABLE 2 


The effect of maleic hydrazide’ on the mineral composition of radishes 
(Results expressed as percent dry weight)** 


Fleshy Roots | Leaves 


After 48 hrs. plus After 216 hours After 48 hours After 216 hours 
168 hrs. storage no storage no storage no storage 
MH- - MH- MH- 
Control Control Control Treated Treated 


0.0039 0.0046 | 0.0025 J 008 0.0037 J 0.0023 
0.009 02 J 0.017 
0.0024 002° .002 005 0.0081 
0.0023 0.0017 0.0041 
1 Applied at a concentration of 2500 p.p.m. as a preharvest foliar spray. 

2 All results are the mean values obtained from duplicate determinations on two replicate samples. 
All determinations were obtained spectrographically except Na and K, which were evaluated 


flame photometrically. 
* Difference between treated and control significant (P = 0.05). 
** Difference between treated and control highly significant (P = 0.01). 
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SUMMARY 


A preharvest foliar spray of a 2500 p.p.m. solution of maleie hydrazide 
is effective in prolonging the storage, or shelf life, of topped radishes by 
retarding new shoot and root growth. Gross composition and mineral anal- 
yses 48 hours after treatment plus 168 hours of storage as topped radishes 
indicate that the nutrient value of the fleshy roots remained essentially 
unchanged. However, 216 hours after treatment there are greater changes 
in gross composition in the fleshy radish root, and in both mineral and gross 
composition of the leaves. The greatest differences in composition resulting 
from maleic hydrazide treatment were increases in dry weight, non-reducing 
sugars, and a reduction in Kjeldahl nitrogen. 
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Previous work at this Laboratory using countercurrent distribution 
and chromatography has demonstrated the complexity of the carotenoid 
fraction of Valencia orange juice (3,4,5). In addition to 10 carotenoids 
not containing cyclic ether groups (such as a- and f-carotenes, cryptoxan- 
thin, and lutein), 5 carotenoid 5,6-epoxides are usually found, together 
with the isomeric 5,8-epoxides.* The 5,8-epoxides are formed by the action 
of acid on the 5,6-epoxides, and may be in part artifacts. Three of the 
5,6-epoxides appear to be polyols of unknown structure. The question 
has been raised whether some of these substances, in particular the polyols, 
might be artifacts arising from other carotenoids such as violaxanthin in 
the method of isolation used. This included extraction of pigment with 
acetone, saponification, separation into fractions by countercurrent distri- 
bution in a Craig apparatus, and finally chromatography of these fractions. 

Strain (11) demonstrated that the carotenoid mixture found in leaves 
of various species was remarkably uniform; the mixture was considerably 
simpler in composition than the carotenoid mixture isolated by the present 
workers from orange juice. Accordingly, the carotenoids of leaves were 
investigated by essentially the same methods as were used in the investi- 
gation of the carotenoids of orange juice. The pigment mixture obtained 
from leaves corresponded closely to that found by Strain. The diol xan- 
thophylls obtained from leaves had all been obtained previously from 
orange juice, though differing considerably in relative proportions. Viola- 
xanthin, a rather labile carotenoid, was a major component of both. Lutein 
5,6-epoxide-like and flavoxanthin-like (lutein 5,8-epoxide) components have 
been found recently as very minor constituents in Florida Valencia orange 
juice. The carotenoid polyol fraction isolated from leaves was much 
simpler in composition than the corresponding fraction obtained from 
orange juice; the two polyol fractions had no components in common. 
This indicates that the polyols are natural (actual) constituents of orange 
juice and of leaves, and are not artifacts. 

The violaxanthin-like constituent, which is a major component of leaf 
xanthophylls, was shown in the present work to be violaxanthin (zeaxan- 
thin 5,6,5’,6’-diepoxide) in confirmation of the work of Strain et al. (9, 10, 
12) and not the spectroscopically indistinguishable lutein 5,6-epoxide as 
claimed by Karrer et al. (7). A very minor fraction, which appeared to be 
lutein 5,6-epoxide, was isolated from leaves in the present work. 

In agreement with the work of Strain (11), zeaxanthin and neoxanthin 
were found in leaves. These pigments had been found in corn seedlings 


*In earlier publications by the present authors (3,4,5), the 5,6- and 5,8-epoxides 
were referred to as epoxides and furanoxides, respectively. 
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by Moster ef al. (8) and in alfalfa by Bickoff et al. (1). Neither of these 
pigments was found in leaves by Karrer et al. (7). Evidence was obtained 
in the present work that neoxanthin is a trihydroxy-5,6-epoxide occurring 
in a mono-cis form not accompanied by the corresponding all-trans isomer. 
Neoxanthin and its 5,8-epoxide isomers were the only polyols obtained 


from leaves. 
EXPERIMENTAL 


This run was carried out on 100 leaves (71 g.) obtained from suckers on Dutch 
elm trees (Ulmus hollandica Mill.) in mid-August. 

Extraction of leaf pigments. Elm leaves were allowed to stand overnight at 7° C. in 
acetone-petroleum ether (3:7 by volume) ; calcium carbonate was added and the mixture 
was then blended and filtered on a sintered-glass funnel, and washed with the same 
solvent mixture. The solid residue was similarly extracted twice more, then 3 times with 
acetone alone. The combined extracts were evaporated in vacuo, the aqueous residue 
extracted with ether, the ethereal extracts evaporated in vacuo, and the residue 
saponified as previously described for orange juice lipides (3). The saponified carot- 
enoid fraction (the unsaponifiable fraction in fat saponification) was dissolved in a 
mixture of petroleum ether and 90% methanol the lower layer was separated and ex- 
tracted 6 times with petroleum ether. The 90% methanol solution was evaporated in 
vacuo, the aqueous residue extracted with ether, the ethereal extracts evaporated in vacuo 
and the residue dissolved in the upper layer of the solvent system used in countercurrent 


distribution (see below). 


Tube 
Figure 1. Countercurrent distribution of hypophasic saponified carotenoids from 
elm leaves. System: Benzene, petroleum ether, and 87% methanol. 


Countercurrent distribution. Runs were carried out as in earlier work (3) in a 200- 
tube Craig apparatus with the solvent system consisting of petroleum ether, benzene, 
and 87% methanol (1 to 1 to 1.15 by volume). Color of the contents of alternate tubes 
of the Craig apparatus was measured as previously described (3); solutions were then 
combined into 4 fractions which were chromatographed essentially as previously de- 
seribed (3) on columns of magnesia (Westvaco No. 2642) plus diatomaceous earth (1 
to 1 by volume). Color bands were fractionally eluted by solutions of ethanol in 
petroleum ether or benzene, and spectral absorption curves were run in a Cary recording 
spectrophotometer. 

Iodine treatment. Two ml. of a carotenoid solution in benzene having an adsorbance 
of around 1.5, measured in a l-em. cell in a Cary recording spectrophotometer, was 
treated with 0.2 ml. of a 0.001% solution of iodine in benzene and then exposed to 
light from a daylight fluorescent lamp at approximately 260 foot candles for 30 minutes. 
Spectral absorption curves were then run within a few minutes. 

Hydrochloric acid-ether test and treatment with hydrochloric acid in methanol. These 
were carried out as previously described (5). 


COMPARISON OF XANTHOPHYLLS 


of Zeaxanthin 


CH- 
| 
Auroxanthin 
Figure 2. Partial structural formulas for zeaxanthin, violaxanthin (zeaxanthin 
5,6,5’,6'-diepoxide) and auroxanthin (zeaxanthin 5, 8, 5’,8’-diepoxide). 


RESULTS AND DISCUSSION 


Countercurrent distribution of saponified elm leaf carotenoids. Although 
leaf xanthophylls occur almost entirely in a non-esterified state, saponifica- 
tion was found to be necessary to remove the chlorophylls and their de- 
composition products which obscured the carotenoids during countercurrent 
distribution and subsequent color measurement. Further, countercurrent 
distribution runs on unsaponified material with the solvent system used 
here were impractical because of extreme emulsion formation. In order 
to prevent the slowly separating emulsions encountered in a preliminary 
run, the saponified carotenoid fraction was partitioned between petroleum 
ether and 90% methanol. Petroleum ether extraction removed most of 
the emulsion formers, probably sterols and wax alcohols. Chromatography 
of the petroleum ether extract showed that f-carotene had been extracted 
into it quantitatively, as well as a part of the lutein; small amounts of other 
pigments were present. 

On countercurrent distribution of the 90% methanol-soluble material 
no difficulty with emulsions was encountered. Distribution of the pigments, 
measured with a 440 my filter and calculated as B-carotene (3), is given 
in Figure 1. The hydrocarbon and monol fraction, which would be expected 
to occur at about tube 190, was practically absent. Three well-defined 
peaks were present, while the monoether diol fraction (IIIB), which was 
a major fraction of orange juice carotenoids (3), was quite small. The 
percentages of the several fractions together with the Noo values are given 
in Table 1; Noo values previously found for the corresponding fractions 
from orange juice (3) are included. The Nioo values of all of the fractions 
were in good agreement except for a somewhat higher value for the polyol 
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TABLE 1 


Countercurrent distribution of hypophasic saponified carotenoids from elm leaves 
(System: Petroleum ether, benzene, and 87% methanol) 


Percentage Nico 


Fraction 
(as B-Carotene) Elm Leaves Orange Juice 


0.1 (48.9)? 
29.6 


Monoether diols 0.9 
Diether diols 7.8 
Polyols 12.6 


1Nj09 = tube number of maximum calculated per 100 transfers. 
2 Pigment extracted by partition between petroleum ether and 90% methanol; included some lutein 


and other diols. 


fraction from leaves. This indicates that this fraction from leaves consists 
of less hydrophilic substances than the corresponding fraction from orange 
juice (probably fewer hydroxyl groups). 

The constituents obtained on chromatography are given in Table 2. Non- 
ether carotenoids included the two major pigments B-carotene and lutein, 
also zeaxanthin, and minor components which were tentatively identified as 
hydroxy-e-carotene and a cis-lutein. 

Monoether diols. Chromatography of this fraction yielded 4 minor bands 
which were tentatively identified as lutein 5,6-epoxide, antheraxanthin, 
flavoxanthin (lutein 5,8-epoxide), and mutatoxanthin. After treatment 
with hydrochloric acid in methanol, the absorption maxima of the flavo- 
xanthin-like substance were practically unchanged. This eliminates the 
possibility that this component might be a luteoxanthin (zeaxanthin 5,6,5’,- 
8’-diepoxide) (5). It was pointed out earlier (5) that Strain’s “<isolutein”?” 
(11) may be the same as antheraxanthin. Antheraxanthin (zeaxanthin 
5,6-epoxide) and the mutatoxanthins (zeaxanthin 5,8-epoxides) were found 
to be major pigments of orange juice (5). 

Diether diols. Chromatography yielded 10 bands (Table 2), all of which 
were similar to bands previously obtained from the corresponding fraction 
of orange-juice carotenoids. These bands probably all originated from 
violaxanthin by in situ isomerization, either trans-cis or 5,6-epoxide-5,8- 
epoxide. On treatment with iodine in light the spectral absorption maxima 
in benzene of the two violaxanthin fractions changed to 481, 450, 425, and 
482, 451, 426 my, respectively, indicating them to be trans-cis isomers. All- 
trans violaxanthin fractions from elm leaves and orange juice showed no 
separation in a mixed chromatogram; neither did the two cis-violaxanthins 
from the same sources, indicating identity of the two pairs. The violaxan- 
thin-like pigment from orange juice was shown to be violaxanthin and not 
lutein 5,6-epoxide by the products of the reaction with hydrochloric acid 
(5); the spectral absorption maxima of the principal product corresponded 
to those of auroxanthin and not flavoxanthin. This method of distinguish- 
ing between lutein 5,6-epoxide and violaxanthin was described by Karrer 
et al. (7,6, p. 206). This supports the identification of the violaxanthin-like 
pigment from leaves as violaxanthin (zeaxanthin 5,6,5’,6’-diepoxide) as 
reported by Strain (9, 10, 12) and not as lutein 5,6-epoxide, which has a 
very similar spectral absorption curve. Karrer ef al. (7) reported that 
lutein 5,6-epoxide is a major leaf pigment. 


Hydrocarbons + monols .................. | 96 
70 70 
55 56 
40 39 
12 9 
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As postulated earlier (5), cis-violaxanthin is’ probably identical with 
the violeoxanthin of Strain et al. (12). Violeoxanthin-like fractions were 
obtained from corn seedlings by Moster et al. (8) and from alfalfa by 
Bickoff et al. (1). 

Luteoxanthins a and b (Table 2) are probably identical with Strain’s 
flavoxanthins ¢ and b (11) and are apparently zeaxanthin 5,6,5’,8’-di- 
epoxide isomers. Because flavoxanthin was shown to be lutein 5,8-epoxide 
(6), the name luteoxanthin was proposed (5) for these substances which 
have spectral absorption curves very similar to that of flavoxanthin. Strain 
(11, p. 66) obtained a fraction from leaves which appears to have been 
auroxanthin (absorption maxima in carbon disulfide, 455 and 426 mz). 
In the present work 4 auroxanthin-like bands were obtained. One appeared 
to be a cis-isomer while the others were apparently all-trans. It was pointed 
out earlier (5) that 5,8-epoxides are sometimes obtained as pairs of bands 
with practically identical spectral absorption curves. Since auroxanthin 
is 5,8,5’,8’-di-epoxide, 3 such bands were obtained in this case. 

Polyols. Two pairs of bands were obtained, each with practically iden- 
tical spectral absorption maxima (Table 2). The first pair was eluted by 
7% ethanol in petroleum ether, whereas the trollixanthin-like polyol from 
orange juice required 15% ethanol in petroleum ether for ready elution. 
The lower member (on the column) of this pair of bands was considerably 
greater than the upper. The spectral absorption maxima of these fractions 
agreed closely with those reported by Strain (11) for neoxanthin; the 
spectral absorption curves were very similar to that of cis-violaxanthin. The 
lower of these bands was one of the major xanthophylls of leaves and was 
evidently neoxanthin, which Strain found to be a universal major constitu- 
ent of leaf xanthophylls. The upper band appeared to be a closely related 
substance ; hence the two are referred to here as neoxanthins a (the major 
band) and b. 

After treatment with iodine in light the spectral absorption maxima 
in benzene of neoxanthins a and b became 480,450,425 and 481, 450, 425 
mp, respectively (increases of 2 to 3 mz). This shows the presence of a 
cis-bond; none of the corresponding all-trans isomers were found accom- 
panying neoxanthins @ and b. The neoxanthins apparently have the same 
conjugated double-bond system as violaxanthin. Both neoxanthins gave 
a pale blue color in the hydrochloric acid-ether test, indicating the probable 
presence of one cyclic ether group. Strain (11) reported that neoxanthin 
gave a deep blue color in this test, but later Strain et al. (12) stated that 
neoxanthin did not give a blue color. 

The other two bands in the polyol fraction had almost identical spectral 
absorption curves, with maxima 16 to 18 my» lower in wave length than the 
neoxanthins; the curves resembled closely those of flavoxanthin, luteoxan- 
thins, and the trollichrome-like fraction previously obtained from orange 
juice (5). These bands were eluted from the column considerably more 
readily than the last of the 3 substances named above and the behavior on 
countercurrent distribution was different from that of the first two. It 
appears that these bands are 5,8-epoxide isomers which were formed from 
neoxanthin in situ. When neoxanthin a was treated with hydrochloric 
acid in methanol, two bands apparently the same as the 5,8-epoxide isomers 
above were obtained, confirming neoxanthin a as a 5,6-epoxide. The action 
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TABLE 2 


Carotenoid constituents obtained from elm leaves 


Component 


Solvent* 


Spectral Absorption 
Maxima, mz? 


Eluent* 


Hydrocarbons 
8-carotene 
Monols 
Hydroxy-a-carotene’’ 


Zeaxanthin 
Monoether Diols 
Lutein 5,6-epoxide 
Antheraxanthin 
Flavoxanthin 


Mutatoxanthin................. 


Diether Diols 
Violaxanthin 


Luteoxanthin 


Luteoxanthin b 
Cis-luteoxanthin a 
Cis-luteoxanthin b 
Cis-auroxanthin 
Auroxanthin a 
Auroxanthin b 
Auroxanthin c 
Polyols 
Neoxanthin a 
Neoxanthin b 
Neoneoxanthin a 
Neoneoxanthin b 


476, 450, (426), 335 
473, 445, (422 


486, 456, 434, 337 
483, 454, (430), 338 
490, 462, (436), 342 


483, 451, 426 
484, 455, (428) 
460, 432, 407 
463, 436, (412) 


483, 453, 427, 337, (322) 
477, 447, 423, 336, 323 
460, 432, 407, 319, 308 
460, 432, 407, 320, 309 
456, 429, 406, 318, 306 
455, 427, 406, 319, 306 
432, 407, 385, 303 

436, 411, 388, 301 

436, 410, 388, 303 

437, 411, 389, 302 


478, 448, 424, 336, (323) 
478, 448, 423, 336, 323 
460, 432, 408, 319, 306 
460, 432, 407, 319, 306 


B 
1% E/PE 


3.5% E/PE 
5% E/PE 
5% E/PE 


3.5% E/PE 

5% E/PE 

7% E/PE 
15% E/PE 


5% E/PE 

7% E/PE 

7% E/PE 
10% E/PE 
15% E/PE 
25% E/PE 
20% E/B 
20% E/B 
20% E/B 
20% E/B 


7% E/PE 
10% E/PE 
15% E/PE 
25% E/PE 


1PE = petroleum ether; B = benzene; E = ethanol. 


2?Values in parentheses are approximations for humps or shelves on spectral absorption curves. 
* Based on adsorbancies at principal maxima. 


of hydrochloric acid in methanol on neoxanthin and its 5,8-epoxide isomers 


will be reported in more detail later. These two 5,8-epoxide bands re- 
semble two substances obtained by Strain et al. (12) by heating neoxan- 
thin in n-propanol for several hours at 100° C.; these substances were 
named neoneoxanthins A and B. 

Strain (11) obtained analyses of neoxanthin which indicated the for- 
mula to be CyoHs5g04. One of the oxygen atoms is a 5,6-epoxide. The 
behavior on countercurrent distribution indicates the presence of more than 
2 hydroxyl groups; hence neoxanthin is probably a triol 5,6-monoepoxide. 

Cholnoky et al. (2) recently examined the carotenoids of the leaves of 
the paprika plant and reported the presence in the hypophasie fraction of 
three major pigments—lutein (xanthophyll), violaxanthin, and ‘‘foliaxan- 
thin’’—together with much smaller amounts of antheraxanthin and ‘‘folia- 
chrome.’’ ‘‘Foliaxanthin’’ is apparently the same as neoxanthin. The 
5,6-epoxide character of this pigment was recognized; the corresponding 
5,8-epoxide was named ‘‘foliachrome.”’ 


— 
PE 29 
PE 0.5 
Diols 
41 
2.4 
| 0.1 
| | 02 
1.1 
1.5 
2.2 
0.2 
6.7 
| 14 
2.0 
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SUMMARY 


The xanthophylls of elm leaves and orange juice were compared. The 
diols obtained from leaves had all been found previously in orange juice 
carotenoids but in quite different proportions. The polyols from leaves 
were different from those of orange juice. In leaves lutein was the princi- 
pal xanthophyll and was accompanied by much smaller amounts of zeaxan- 
thin. The second most abundant xanthophyll in leaves was violaxanthin ; 
its identity was confirmed as zeaxanthin 5,6,5’,6’-diepoxide and not as 
lutein 5,6-epoxide. Very minor amounts of pigments tentatively identified 
as lutein 5,6-epoxide and antheraxanthin were found. Neoxanthin, a major 
xanthophyll in leaves, was different from the trollixanthin-like polyol of 
oranges. It is apparently a trihydroxy 5,6-epoxide with one cis-bond and 
is unusual in that the corresponding all-trans isomer does not occur with it. 
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